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V r\-C CjLaJ_u^> 4-Ua.ul^a c_aj-dxi ^LflJJI ^ daal^ I jl_ 4aI JLdl d ^ Jjl 

^LdJI ^ida ^aJI 4^^adJsl CjljjJI 6Jj^5La Jjl da 'Tfl iiaaj^ 

^ J\-*.a pl.dc 4 i—aa id I d^^-uaaal 4aI j\jC d* 0 

dlaa5> data 4aJ LfiLc j j ^ data LcJ tCjljjdJI 4.0a.2 -v 

^ 5 s p 

J^ 5 4 4a^^du daC d. g. iiij LL^aaaa jaa'iJl d^ t d n 1 11 JUa 


L^ad LM a Io j)'I L \ Id 4 II 


ii_ 


■J t6 >: 




o jJi :^.Lii j (Autobiographical Notes)«A_pijJl s>L^ ^ojb ol J>i*» ^ -wclLo * 

(P. A. Schlipp) ,t., .1 .^1 (Albert Einstein: Philosopher Scientist) (JLaJIj lJj.JjaII 

.(i V 4 a. ) \ S i S ‘Tudor 


TV 




4^olxJI 4JLLII 6JA Sj\ J-fiJl CjLj^a ^ Cy*3 10 111 4-uLa3J' JjiLaJI 3 Jlz*\ 

cul^ L^j^ p-L»j)-i-aJl cjLJ^ 4 L% .0 < 3 ) 4j3Ui!lj ^II13 l^J IjjJLa 3 ^ 
Ernst Mach £U cu*/>jl Ji* ipliSlL pLaLaJI j^bLiil 4-xojj-X-o 

jiij W ilhelm Ostwald jJI^ju-u^I ^ 1 g 

c 

3_> j^xjlW ^jjftJI 4 jIjj 3j . 4 j jy\\ 3 0>^J' 


oi 


^ jjj 


.SjjJ! ixAilj JL* 4 JjS|! ,> jnJi^Jl JL>A 


- . <r 


jl I^jLj a > iJj'ill 6 JA 

I y\Ix£ I SjJiXi 4 jI jL> 4 jjjJI 4 j jlViH ^J) \ AiUjiJlj 

^AJI ja ^3oL^)! 1 J- J. Thomson .£ .£ 6^J <lA^* 

^ A°^V 4a^u — SjjJI qLj^v^ j-^-1 4-jl jjSll jxLx.i ^£jJI — ^i^l 




^ 1 *IL) [xlX& J^l£* ^uUl ^jiLjl J^ljl 3 J J^kJl jlj 

4 -i^jjI ^3 jLu 4^ dll-uj ^cjLjJ) ^Tjl-lu^I 4*,ivio,> 

Ix-^j — La£ — cili 4-*-^ 0>^ ^ 

P^ju^JI ^j£. 3 4_olx2k_a Lg.Vd y\J^I 4 jJj>J L^U ^Lx-uill 

fr f 

Jjl ,4.2 i£ J oLclx^ua CjIjLu jj 5^ 4 a /rrX 11 jpjljJI oL^jj^q 


i^.ajiioj-oJI j (^ojLiajj^JI aI^A-c Lai tj-G'JI CjLv^q S^Lfl pLqJjlJI aJojco 


, cLi*i5CI i^ \ up lCj Lo^i,.Ai l^. j ^1 ^1j ^ J^jI^JI 4-31-^.uI Jjl ^jlj 

\A^o 4 ^ Wilhelm Rontgen Jy^jj f-4Lj iij-ua X-4jt.il 

Lub pLijjjaJI j 53^1"^ ^ ^ ^ 4lxu 3 ^J 

451 a- 41.1 ullj 3 ^ v >AlJ 5 jL >3 (3 (ofiLiu^^l 

^5 4_jli — dUj JlXj Lxj j Oil La^ — , ol ,7 i"<M I 13a 4-uia1 

^LLoj i,uj 4 <UaiU 3 jUa^ll ^3^3 

• lajijljj jj^ku 4 ifllrila ^>^1 ^Li-tu 3 JJK 


. j^-U) dLuj^/t k-i tf-^lili JL£j jryJ 


- * 


J^-UO 




oljjJI 


4 - uaxul pi ^ ■>' 3^3 ‘ lS^ 3 

« PC- 

£-cuIjJI qIjjj X Xjuj (3 (J^l 0 ^ C/-^ Jj^xu^La 

^jjO> Ij^A. 1 \ ^yA-J 4_i^l^U <JlC J ajl< j 4-j^Ai ^fr*.u,AjJo ^ Jjfi^ . j-\iiC 

Jj-a jLlu-q y\^LXJ ^°s3 ‘4^>Alil 4-j^-^uliil qLcxJ-uju^JJ 4. iua,L>l.a*l I j 


*|1A^ 11 JLaJ.1 jl iUI\ill JLaJJ ^1 jASn>L> oUjbtaaJl bJUt, 

c- ^ c- c- 

(jOL^-Il jji> jl*.I ^-i-lb slii^k.> 3 j? *uxa 3 ' fl 
^ r *» 

4_3uL3u 3} ( JLlILlo 3j?^ (3 -0 ^ ifli iiio (3 J^jIAII 


<LLk^g^ 4 \J -V ^xi_L 1 oUj-ui^JI £~o ^I 4-5.II AAA ^J_l£u .c_flLiAj-ujI 

C- f- 

CjLcL^ii.^. 4 jLjJL^JI (J ^j5> J^jI£JI ix-ujl 3 ^ J! q 3 lu ^ 3^ J-i-0^3 1 JlC^ 

(3 -0 3jH ,d A3"k* L^ ^ J ^*((3^ oli^jr^JI ^-A-u.U^ 4 jJLuj 4 W in 4-i^-^uiiXs 
4i.uu ^Luu^J <j£jj5JIj 11 ^jill ^IjAjlauI 

^oLSjJI JlC J-u^a j 4TJj£ 31 4-u^^AJI 4 tr\ m 


CiLjjjr^J^Jl 3^ > 4 -Lxa La^o iJ^ilSJI 4a-o j-liJI 3° 1 Afl n 

3^3 4 fl.l "1 A*a ol^>3 3h^ 4x.^ju^xo 4 q fc^ 1 j ^oLajlJI ^j\ £- 0 ^ < O l^> 3l I 3 ^ 


Afl in Q.\ ( Jj^ ^j)*W» cAjAll 




vX~ 4 -n-u.il cJU^I 3 o^-^* Lo Ju-o iijju^JL LflLuu^t cJJj (j^ 

3^-*-a LujjI itojy*. ^jC* ^^ j-"!Urxik.j 4 ^joj pL^ 4j^ j 

pL> 3 iflll (JaxII IJlA ^uk-u^l 5 jLi5.i (j^-J 4 ( j!uJjlqL^ 

oii j 3 ^ — pLjaaJI j liiU J5I^Jl Jxutil 3 ^ U+JJ — 4^ej^UI 


(jjill (3 ^-aJI jl ojI ^lll cjUI un^^jl 

IjJ.aC ^I (3^ 4-^-<- u J-u^uv dllj^ 53^^^ 3^ ^- <iU ^ J J mv 


. >jLsbJ ^.A^a 4 j!£J ^jlS <Gl .£ * J jj ^ mil «Lld 4 ^ i^kjl 4 aK II ^jA ^iA 4 _aK 

jAI ■> iti”! J-t j jli» (USIj LaS) .J ^j\ gj^^i 4ajl ?• 4^A j-a 

Questioners oLi i - >.o ** *)! 1 ^->-1 a<uu 3°^ l>^ 4 4^jjJi ^usl jl> <^_l> ji.^,^ ^1 cUa^l 

\ T jy'iLS cufljJ IjLjL *_ixlLj 

< J"£jt5U1 4 t,4U^ ii^l jAuUj 6JA Ji-d (jA UjJ3fc ^11 JjJLkll]l to tic i^LuiJ Ljf jJI 4 _u>LuJ 1 ^.iitif 

4 i in Jal i i a A 4la j,t |j 1 4 _uiLuJI *ilj >jfl»t"Jl jj <-a JS,»u ^jJI J^it^JI 4 jlui1 Lqj 

>k j^-. IL flj jo Lq ill J J ^jjJi dJj 3*^® t-oLoj 6 yyJtAA 


t 




Cj-^-J 
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43.AU Lo 5jA-S (3 SJ>jUJI J-C. v\oK (3 4^jLi3 


1 Jib Llq 


pL >3 ki-H LxiLc. J- 0 -*-^ I Jib <JJ 3 j 5 j ^ ^ N 1 


Lj^j^I 


4-jJLuJ 4-1.2k-i ^ I I 4-X_it /j\ £t ,i^T\ 1 

4-JLuj 4 \?k„ ii\ Six* uLcluii^ pl^JI icjiba ij^-ul 

** 

4JjULo pI^-^.1 cJLxA* <jl J^kiLI ^ja 4jjl x 3. a CjIjJ- 11 (j| Llu^j 

43i,1' ^j-Q 4 % log Lg-i ^jJI olj jJI *4_L^J-0 4 \-\ ni 1 

M 4 * 

Wilhelm Wien ^li Jflhj jSj .>jUJl Jj ^1 iJLJI 


1 4 1 I 6 Jib 'J) ' "J) J c> J^'j' <> Wurzburg ^ 

I y\j^ Jij I 4x.i^ 1 6 JgJ 4 j^SLI I Cj v /it^ 11 I J | Jju'S^ 3 j < N A ^ A 4j_uj 
t cj jiLs cjIjj 


6 Jib vjul^ Iji £-5 ^j3 Lo^ <j-A 


- * . M *• * p 
4 -uj ij J -jl r\^" 4_5 ljLc JLC faA^ia Jj 3.I JI 4x_il J-C 4 uL^jI Jxj^ 



CjjiJ A \X k/~\ 11 S_IjL^jJI 4 1 Mil ID <J 4jl^jII ijt-iSlI 6jib 


4-Lal m \ i ^I <43_il_~il I CjIjJJI 4 * I fcjib J-C. jyLLzu ^ * II 

<canal rays JLl5J1 4 _x.il ^qu-uuj c 3 l£Lfl ^L>l (3 Lol <cjLj^jI 


Ol^JI 4_JL_i) V j 4 J JX->0 4-J^-U I ^1j3JLluIj 4-X-i^n 6 Jib Jjjft < 1 (JJJ^J j3^ 

4.3. ju3-^ 4-L^-luIj^j 4__>Lfl \ iI ^ju^, ^£j|l ^)LiJI Ly* ^ ^ Cjl-jL^ 

^jJI CJiL^ ,i_jjiGJI 

^jJ I i 4 v^wj^v 4 \ i 4_jI Cj LjI 4^^) Lj I Cj I yd 

^SJI I^xaJj 4iu ^g> 1 1 \ U Ll %X I j 1 ^ (J-^l xll l 

*5 *• •• 

^ ^ V 4-!l<.xj ^ . i.^_A.Li.ilj Cj Lj jr\^J ^ I x x i >0^-1^ L^ Lxj 




43 lj J £A ^ J I -U^V V i J> LjLI I J jJ 





Jj) > ^i. Ux. <GLuL^ Hir^gia 


K 


i.1 




xu^SH 


IjIjT J ‘U>^' 


jL^>. <jj£j jLj 1^!*^. j-o Ijl Sj-iixj 



c '^ ^/ yy\ 4..LU.U.JI 


^£>\ Lo^ Ld\ \ .\^ 11 \\W Jjl^Jl 

4 <jLcjJI O^LojI_ JjJj=v P v _flLiuSi I o 

U-l UT^' J-tJ 

*« 

1-^. ij 1 0—3 4.\^k All 4 »i>q£ 1 x L^J t^jpA.11 4 fl.lrv.4v-c 0*^j» 

iillj (j^^9 3 *> aIv^ L^J (—c ( j-° +0) Jjlc 

4 fl Tv-V c 4 h£ LgJ 0^3 6jlc A~k \ 4ujLulA£JI ^L*J1 Jjl ( J^C Jxlj 

•% 

tLfl mflj 4-jAL lo^Sv J1 l 31 v.*w LgJ ^5k 1 ^4 fl Tv^k c 4_>^>J ob^) 


3^ ij^. 13^*-^ 0^ o-fl^JI ^j\ ^! <«^IJ4iaJ1)) j^qIA* 11 3 o'*4.11 6 jj* J-c 

qLcJ) 1* C (_gjJ J-fl-fl lUllj J\ Htfl V jj LJ 


iJiJjJI <^0 4 fl v 1 nA Lo^ SjVJI 4 vfrLo yv.mflA Q^j ^ 1 ~k o 3^ Ij-V-iJ 4 _lsI^ 
^jjz (J-xLfl ^i4u (j^ U£ — ^LujLflA^Ll 4±»lS ^/\£. 4juLflA 4 ,jcu.au^ ^J 

4_vJLuj ^ 4-va^-o CjLa^-uj ^^j-c 1^*1^ \ flA^ 1 — I 4-Q-u i^LflJ I 

.Lfl Vo Jj4=> 

1 nmi (_gl t4 ^ v.1^ v 11 JlVo 1 a v ill S^J-H J-5^ 



1 JlLo Lfl_Lfl 4_j^_flJ-c-fl 6 jaJlj-oJ 1 CjLj^jV^J Vll Lol i4-l^j-U 4 ^ /nil LflJ^LV j-\IiAuA 

JjSj 1 4_i 4uu3LVJI 8_/U3t-^3,l I 4_vJLuJI d \\-^ /m j,fl Vo J A ^ *j) ‘ ^ t_vVv J I J^ Jj 


6j).^k..„.v ^^ v^J ml c-Lc-LlII ^kwl5 4^^J i^LLx^k ^ <Aj 

M C- 

4 v\ vJJ fl 11 \±& ^o (J^ol.ii jJl (3 ujl J-5^5 


3 '-b' c - c 




.^Lo^JLl Jj,.UC ^^aTVJ ^j)ixJ1 


xajuil 


4Jluj ^x.tjLuL'ill JaLouJI >_flLxjLiA^I S^jJi 4-Vu ^l_Lfl^o /jl ^ f/^jl 

M ^ 

6^ «_*-&? <juA» X 4j_ii j Lxj^j 


3 (j ^ v—£ j L/Vv j 5 11 ull ^ v oj^i 11 1 j_a> 1 ^ Luio Ui^k^ L^_la^ 

l$j^ o^^jj 3 JoLx^ 





tljuuJLxuj 3 iV Ai \\ v a 11 

fa* fafa fat fafa ^ 



■< n .> 




t- 

l^x^i jJi£- 4jl ^£-U JlS j < j^sIiC 
il i.g\c. /^ojj iajj-dl ^jLa (CjL^ 


4 - 1 ^ Xij L*? 1 (3 1 C- uJJuUI J^-CU 


J 




d tVi au^^IxlII d All iijl ^^Ci_uj-i jL$-z» c>a 4^-k5 


I ci 


. e 




: r/J | 


4j^j*jI J^slA £-j^iG iZjS^* 1 aK £ijk^j3 4 _£juLuJI 6 Jj£ La ^Lc^ju^ 

'iJI 4j ajlaJI ix-i/^t c_iLiu£l ^jl dllj 4j ^£jl jSa ! <3 J a3l^JI 4x_il 


lj )^^a 4_la£ SjIx. ^ J* (( ^» jU*l 

IjL^ ail .lie dll itiTl X 4-Xiil ,\| La ,\lx. ruj q 


.^j^J | 


d \ in \_U> LuLaj^gfLlI 




J-a-Xa 3 (_£dJI wSl iALi^^l Ijufc deLuj dS^ ^4Aa 1 

<jl dJ JjjISJI ix-il <jLWI ^Lalx II j-li-i 4 g Jj£Lj 


•oU^j c 5 >=^' 

fafa 

9 

dlid JjJ l^-I^j \ 0 4\4ai 3 X 4ju<jliI ^JUo^I ^£. J^ic.1 

^lli^J 3^° Uki>^^ JjLa. jjfij < Lr al*JI ( *^">^ 11 j 

(j£jA& dild 3 3* <j^s9 <4jL-ir^l £ljdl ^1 X 4jt-il 

4e jlA 11 X 4 x ini oLa-oi ^j£>I C. .^ajjL 3 Henri Becquerel Jj^ij 

i4j5Lc| ^1 <Loax 1I dl^il jr3£ J^Li- L^j j-oj ^1 4ijjJaJl 

“ M *• 

e>o fJ <jL£Ad £jJ Jx Sjj-*x L^Jx giliJ p1j>*JI Jlj^l 

Phosphorescence S^jLh&JI S^aLLj lli^a ip^aU JaS 

Ipj-uAll O-iALal <jl J^-Ui SjLa Pj)-iAll st^lx-ul ^JuG 


> ^ XVS I L 


i_o 1 iVVsl 


4 


4jj^Alu^SJ 1 jl^ll ^ygul <n^fa (1)^9 ‘Lg-Je J^flLai ^Lx-ujI 4-L\^ii^ 

P^-iA {J£_i Ax* Lg JLi Sjlcl oj 1 g.,\lc d Hill ixjti^l <J 


L 5 " 




otjin 


j^-u 4i U J tX 4 axu Ij 5ja n\c }I i5 jLc v 

vX 4-x-tiI ^Lcui^t JiLq LoLcu iULfl^juQ 


^bui)!l laLiuJI 

/ J ^Ujj liL>^K?^ £.J-1 

^^_LxijI j^aJI j ^oLu j^L±j ^'bLcLi ^l^c» ^3 ^ A^*\ J^Lui 

°j^ c^' j 1 ^! ^ La j\c^g oL Lljj SlXxJ ^^i-a-AJJ 4-iJJI 

4- t , ^ 1 Jjt ^Jjyi. £ u JLflacI •j>^ill ^ loi j ^li) Cj L> jL a-LbJ 1 Ji^uilj lsj.U~v 

^ «« 

t u ).u..a.,<lJI 4ja_ajl^j ^^JJI ^ Lv a t £t_La 3 O AS X 

^jjJCLlj ^U JJLjj iJL^. 3 1 o*\ LaLaj 

IjJb 3 f*3 J * IL) 5 JjlLo O-J LS> pLo-uJI ^j\ t4->^.^k311 j1^>5Lj 4-5-jjJaJi 

JiJj ikjio^ c>^ J^ t4 ^ c5^' 

jljl/ ^jai^Lo 3 £ La^aC ^.15 

^j-aj < j^^ijI1 £t-Lcu 4ji^LiJI 1 S^a 

^jalo-auJI 4j 4 j5jLc 4J>! ^1 Jj-LOJLJ jl w J-XlA<bA (3 <—>■■*'“J (^^i-ll 

** ** * ** * » 

XxojI (^jJl ^Lxau^JI ^-a 3^ Cy* < —^3J-* Lj ^ l 5^-fl.AU^J 1 jl 


tL5 _a.jLa. JljA (j\ JjJ lajUjj 4-LLiiJl ^Ajtj^J! Jyl 4 J 1 


.^yC.1 * m)ll JaLiillLl ULLti ix-i'iJl CjJ JjC- Sjjill 


* . 


& c 


JJU ^-cll ili^il Jolxulll 4 «luIjJ 3 g’Loifc 


ii u'^ AA e 6'^ (£j^ U ‘ 

3 3^s3^ S^jL^ jJlX. ^ ir\-± t^JjfcJI ^j-a JaJ-^JI £jiJ) Lufc 3 

j^aLlc 1 i\ rn\<Z I ^-diAu^j 1 JoLin ill 3 La^jiL^_il />£- N ^ * V 4JL*u pL>jA-flJI 

cLloa^JI 3 4ojIj 3^ 3^ S^L^ ( J-C ^jLa Ci-Lua^ N ^ N N 4 -Iauj i-Xuii-a 

“ 1* • * * ^ ^ 

ijjl C-iIj^ - ^-) llcL*_ii[ 4-U-AU.il! jlji! 4-JljJl L^~>La-jl ^jC. All!jj 


^ 5 » ^ p ^ 

^yjJl 4 ^ii uj^l 1 t it -v. >1 ^ trk ^- 1 Jj iJa^ 6 Jib j^jj^ittJI ^3 iS^J^ jy 3^*-* ^ 

» ( Laj>» wl r-lI) 4i-i .laj i_& 4 n fl i 4 _lwjX& J 1^ifc J-C 


ir 



JaLiHI j J-c- ^ c5j^ J^i3 l$j^ 

** ^ M 

(j^iUI /jj$ Jj*iJI jJL*JI 4_»lj_i tjj . (JjJ j-JujJ I ol I 1 'XJ S ^1G (J *^jjC.L*_ uj^1 1 

I4_>a JQ ja ^c.Lauiu^JI la l null d \ > " 11 oLaLinVs^ll x U 



l^j^ladI ^jja 4 I <<i 1 i<) 


Lq_lo^I 






.Ernest Rutherford c^ jl ytj laLiiilI 

* 

j-OJUi 3 £-0 jjQX. ±& J IXSlLj^AJ 0^ 

3 g-lj^iall IjLx-luI ti^x* ^A^A ^.Ic 3,3 i^vix. £_ujIjJ1 33 -^ oLilu-Xiiu 

Frederick o-ul cILIa^ tJL)yL>^Q 3 dLo 4 jcoL*. 

*Jl ^x»l.x^.Tj^j 1 J^LuiilJl 3I \ *\ * Y <1x0 Soddy 

w «« 


^!l ^ t>^>> 2:^>i (_jjJI ^ J J ji J j J .J^' Jl 


3 -LLd <3^1 ^ ^ MIJ Le£ ((<iK aTLL jl aJJLk-l!I)> Ijub 4 J^. xulj-J 


* - 


Lo-Lfl ^L * - f u^ I LiJ Li Lc^J *■ fi <nj^ I Lo JjlC^ i LSju) 4-JLxuI^ LflJI 4 jlJuI La.fr lIc 


p p 


LflJI ijL-iil ^j\ Q-a 3 Jjfi j c LoL*. 4-*_Jul 4-llc, jlkj /jl ^ * A .d> 11 3-° iJ-XJ 


p p 


Lo LLd OlJu I <jl Lo jlcJ-OJJ . 4^^JI 4 jLj j-oj oLo_Ljxl^ Ljl-U 4j*-xI>Ij 

4 * 


p p 


4_X-xi I 31 LiZVil ^ Jv ^ > 1 J) 4j>iKJI i-Xai'J ^g-C La-xu^ I 6 

o L*^o (J 1^-Lo L) X 4 jlo!u 1 JlLo 4 \ Ltxoj^)fl5Ll I 4_xJu^ I 3-° ^ Lo L^ 

tLoLoS ^ 1*\o LflJI oLcu-ixi-^ ^j\ i^ySj S2 4^1 j^c. iS I 3-° ^ j^Sn 

1 jJr.j lljj-Oj Jj J-X^JI 6jJ 4.1S^ ^JiLatjuil 4 _XjjI 1 ^^lTi^ CjI ^wn% 


.^jJy^J^JI 4,V?k ill I, flJt iX Uj I J.2.^ 4-JLiiJ O-IIL J4-i^^0 4_Uj-^ 




6^3 


^ 1 In. ij v A ^ 'Jj i LflJ I 4_Xui I Lo I ^ I j-3u 3 1 

w% ^ 

ijl 4 ^lLojlJI 5 pLijI 3 -0 I 4jJLc. 


4 31 iic o _/UiC 


j_t Jj JaLUJl ^ U^jpL> J-c. c5j^ W^JjJ uf^! 

> -fi 

. ( Jj jrlil ) 1 >» liU (^jaaJj HcLu-O 




oljUl 


c- 

3-Lo jAJLml * Lfro I jAJLuj I 3-° 3"° 33*^ 


diLxox-o^ — Jx-Lflj ^Iaj 1.^ ififli ^Jb ^xiI — iiLLJI 4x1 lx dAoJ tn 

(3 4 33^1 ALilG LflJI diL^ wn% ^ J o t c h\ \*k 1 dJ 1 4.ixi 4 -lu 1^) jJ 


^o 3*° ^ ^ * V 4 xuj JiiLil .^\xo^ ydG-o y\X ^_olc 

^ ^ p 

3-C- 3 ^ * lj-l1 ^ iL» jrLoLouLo 4_*_oGi. 3 c ' ijxill IjG-Lul 2 

^X L*_di^' -G La.uJ I Jt Vfl 3 4 JLojxI ^ \ * A 4 xuj pIxOJl^JI 3 

i L xi 4ixJ At *xii tS vxLoJI 4 JLulJ) , .A» \ 4 J d 


A' 6j>jL=Jt 

5 

IxL^oi 4 <ii 0 \ jy^JLj 3 ^ 0^-® H 3* j^GjiJI 4-ojIjJ ^tojlj 

3-^ Lx^i Lft/XXJ 3^^9 t Jxll J^Xxol 3 pi I .A-l£JG is'^Lc. 4j ^oxl^ 

4j GjJjjj (^3JI djG-i^^l? djljdll JaJxJI ^xJI ^^LxJ 1 

3 ! 3 ^ 3 ^-^GjxiJI Lxjjj-J 3 l£ lc-^^ 4xiJxJI 4x£xJI 3 Li t4xa^Jl pGjjxJI 


•( 


" *• Vk 

4£Uflx 


■^jOQ-ll 3^° P 3 4-GLoiXl 


Ernest 3a-o,jU a^jlj Hans Geiger aLS iluy 


4 x^ pl^xLi i jrLioduL oj ^- 4n -^ 3 ^-^Eqx pLojI Marsden 


dS^ 4 l^J SLx ^)-ox! 3-1^ 3^ 4-2. l£j> 4-xa^Ii J-X. LxJI oLqxojx 3 s ^Lxxb Lgx$ 

C- G- 

3 LLLLo 3^j ^Jla t^x.i ^x 3 i_djl i^Loij L^J diljj 30 LxJI lj!x/<i% o^Ia 


44^^11 djlx^-oixJI j ^ioq jJ5^ 


A 1 xiO> 


^xLljud Jxjco uiij 

jJxxi dul^ 4 1 V 1 ID4_ojLoj^ ^11 djGldC 4 _Lxuj1^j j-L^^ 4x-i^vlj Jx 
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<3 


Axu. 


J^ L$5^J 3 jjjH ^I^JI Jl* 
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*• 
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^-jO u Id 3^- a ^ u a gli-XJLJuxici ijljL> 4 U> q \ /jflxj 1*11- * 3^“* 





p p « - 

La 5*3 (LL^^ 3 K liLIj jl <d Wii a SiA\ ic^A^ILj i^vlj^ll du 
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<4,Anu.lalj3.^j^ < £JI v-jJbail 
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Ifl i JjJqj 6JJtJ jlu%^ ^j^iiJiJI ^jilll ijljj *3 JjIj 4.Jt,uI LoC 

tillj <3 J^L^JI ^ojLlSJI ill l^ioAllj I fl \c gijju ^3-11 d Q 11 CX>1£ 
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.L^A^LluI ^jJl 4 n/SLi^Jl CjI j J^lI 



jlj Lac iojL^. 6 jj^j^ 3 a£Lii ^jl ^aJI jjxl \]rT\ m \ % il 
I^LxjI^.i,^ jj^-la Ojl ^jJl 5jJr\^H JL^jI LoJLX cdj^La (3 


<3 il 1 ^jjll Martin Klein ^jLa ^LS <j&A *^JI 

4j^tu jJ^-o £j*XQ ^aJI 5JLoJI <3 JjuloXjJLj cdj^La JLgxI 4auIjJ^ f cl \j tail 

J^LJlI I JJb (3 ^jlUJul tlj 1 (} \ % ,1 ^3-11 jl^J^JI ^±!jy SjlcJ JJtA^ ,^JI 

olil Aa^l ^..lA a <4 jJx to Jj^Xfll£ ^JU-uol IxLj^-q IJa^S3 

ijAi^ 4_iL^i (3 5jK->> Jjl j 3 < Lr ^ J Ul L^flLxo <3 Ip <ma \ 


laJLc 54^ \ V\ -LvSq opL^. 1 q \*\ I l^-^ll N ^ % • 

' •» * 

\ flilrtl (>loKJl (jA-0.1 j^^JI ^jl dlj'bLi {jL>\ jSfl !ljy% J-S oLixoLij^ 


^J^.ii) ^ S ivv" 4 i^kiiii t SjaI^ 4-u^Lij 4 % \ iv^ J 1 a^ ni ^ <n^ II 
S^Jk all j^ajJ (JaLq. 11 ^jjLlxul ^JbI^JI (3 ^4^ \iI 

Xj^iZ U.La^ dUj C£i 

iL ft)j-^All ^1 31 nil ol Jj^l nifi 4 jlj1j 6jj) ) clJj'bLi 4j jLjl-q CvQfll^J JQ,fl 

^ l^li (Lo^Ia opL^ (JjjJJI (>j^jL 5J1 ^ ^3NL=v jx. 1 ^1 

LT^J Jj — Je'jj cHjLxuI Jx. 

4jjLj_lQ CjLubljrLSl 4 j^-L=u pLIj — olj)Jbiall (3 

dlj^Li ^LS (jSilj i J|\ iii^k II (J| 4-aL^jJI <3 lj> 1 4-uj^-ui^jo 





oLuhljrLfll (Jjl X*l 4*11 \fl 

5j ^ J/*% t d illi i i -V A 4 |V I ( ^ \ I ^>r li^ i | 


^0 L>J) v-lAII ^JltkV lI t M ^.,gi] 

t ^LSk . i ll ^ aVu » CuL£ 

•% 

■3^°^ 3^ 5j ^ 


oa^jj £-ub^-o CiuijJ 5 j^j 

i 

<3 C£-L>^ 3 4 : uLj 3?“* l ^ 4 i.i,xl^,1.1 ^Laj^.1 3 iJjLauo 3 ^ 3^^ 
3 4uAii-> dla'iJL 3-^^ CAf^LiJl 3"Ofr^‘ 1 ^ (S^ ij^3 i ^ ^ * % Jj^ll o J J rv ^ 

oLloIjRjb) ciLLJlulj 3Jj mj 1 <3^1511 ^iiLj-i^ ^uLauI jL^jI 4-l^Ju.o 

Jjlj Loj^ ^jrvo dSj <4 \ i^LjjJl w-luIjj L^al ^jrO 4flh^v n 4aaL3^ 

35j 4 l^K 43Lp* 3 ,.x^a1I cj!j*xJI cail^ 6jr\xJI &±& 3 ^ 

^1 IcXl J-^l^ (JaX> flat ly\^.t dla^L> £t^uu2>l 3 ^ Ji SJ-jJJlJI 43^L^-0 Q1 mfl 

• 6 Si£* laa^3* 

w & 9 

3^-\9 t4^ajjiJl 4-xojjil *>° 4jl JuC. tiij'jJLj C»fl IS->J JAj 

3^9 « 4 a!L* 3^1 4 \ Sj£311 4 jL^j 1 3 3 ^ j-Q-fl t JjlaJIj 

4aajjrtJil SLo-uJLl 4-ij /^LkJJ jr\ mO^ll 11 4-^j Jx 

i4jj3^JI l^oLuJI |Jc 3 3^°3"* , L^ 4 j^jl juuiG < (Entropy) 

3b^u 4 j. 1 ft i i l g-ouLml 3 ^ <pLi3^-11 3 4^gS*L»n illj 4 ju^3L>^I^ 

4jliuI£aj 1 — 3ol^5 — l^l^JJ 4 1 r\j tn vll 3^^-^-H 3^ £-*3 *3'°3^ 

l*l£a <jAiaJ ^5-ii^kJl ^JLxJi 3 I f-lbu LajI ‘t3°3"^ U jy±£~\ lj[ LoLoa 

J^rkTia ^.^'OI ^ jk^u LoJoJti Jx *al 3 

IIIJ Jx "bljLfiaa Ij-v Llsuxj lj! 3^ iSjl^v- J! 4iSLL 

^jJl ^ 11 4JU 3 ^ 3 3^"^ J c3^ tjIjiLI ^^niuj 

CjIj3JI J^) 4^^xJ1 3^ 4aa^o Jx IrXuu 

4 ^^JI 3^ ( <wja3 3^^ 4 ajJjc) 4aaj^i jrAX Sj^aX ^jaiiu 3 n1 ^ 

3^\>J .(4aalj) niC. 4jfiLL^a ^-q (^-Agyjint ^-flljaa CjIj jJl 3^) 

<a,n 3LJI jl ^3^ 3* <—•' 1 i 4aI jJoj ^jjJl 4 1 ,nlr>11 3^1^ Xwl dLSj 



Q-^aJ 


j <4aj^j\j'i|Li ^-1x11 \jub (3 cjlUjtLII ^JX. kd^-*a^j ijl^-oILtulj 


4 u* 1t-U 11 oLxixxJtJI ^j\ J-C ^ t4ajl^^JI Ifdailaa di ^1111 3jaliLll 

qj Ijli 4jljX\A.,i.i*lj 4jaj3^- J% ^ jl<<_jaaj^JI ^ J£. SjL»j aa*J> Laalj 


*- -^-ii * ^ 4JUJI 6Jak 3 4aLfl 3 4—uajrLll 4^oa J£. 4a j 


4iLU 


^^rdl 3 CjLxj^^JI 4aajaa 4^ja*> 3 ^ ^ iSLlaJI fcdfc ^.Ij^ 


JLUJJ 


p 

.LL, J-cl Jl Lg-v^ 

j) 4 ^^11 13a 3 ^L*->^^aaJI jad 3^0"*!^ 3^^ *?dJ j 3 ^-^' 3"° ^ 

JI *r *vjI ji lx i 4 \*\ 1 ojoj da j_l^iII oja.H 1 3 a JiLo 3 i 3 ^ 0 -^ 3^ JL 5 


^ •. z 

3^ (pl^gJI Calaa3-^J 4dljdidl 4^JJ 4ila*^ 41 (j mO*» 4jia^J^4IJa 


clh° 3 *^ ^a 3 ^ *4a ^) 3 ^J^' 3 SL^fl ii^JiJI pI^a 3^ 3 ^JL> 3 I 3 ^-dU 

^d dJ3 3 ^ <(jLju^I ^^ada p-Ij 3 3 dj^aa cjld3-dl 3^ O^j 

« ^ * 

.4addl 3 4 JLaI 3^^> 4a I 4a^jd t ^A I Ja*. JLcGadI Ja-*a 

^pliJI ^UU /nQ i 11 Id* wLuO udna^ daj-U dada 31 ^ 

** «* 

3^iLflJI 3^ di-S 13 ^ 3 “*"!^ £aa 4adLculj*o 3 j lilc. 44_>jl^jaJI ISdalaadJ 
3 ^ Jj>-wU *da i<Lxj^J\y)l\ jl 3 I Ja 4 I5 11 ^^ ll^atS 4d[ 4a nuJla ^alaJI 


^ p 

4aL$a <_ajJfi da da <_jaad 


d^)d 3 I J^uJI 3 -° did idJ3 3 ^ 1 X LA . rfc .'j' 


3-c JjLa. 4 cj$ \ I J5> di^ul Labile 3 J w r^ iJl J^ jjill 3^° JlLxJI 

3 4aj I l^a-claaJLil laal iljLxil 3^°J>-^^ 


*S\£) 


U 1 

^ 1 JI-dJjJ ^ \is^ \ L^al 4 J 3^ iJ s 3 ^ in\ 11 1 Q \i^ 1 4a la Lua* 

Ijlaaiaa ^yaaJ dla'^iia 3'^ Ji t4iui^JI ^3^_xa Lo JaX. Sjlal^ 4aj^k ^1 dllj ^0 

s' ■s' 

Jx J i 4-oi^aaai 4^a^i^ i 3^^ 4aLfl 43 ^ 3 ^,3^ J-C. 

CaL^al (_gjJLXij 4 uClx& ^ aAV> iLLa^JI t4 ur>H 4ala^l 

.SjliJi ^aaj3 Jj: ^ J-z di'iL 

^lxJI 3 5j)ldAJI 1^. )>1 c. Ja^laJl 3 J=k - i -^-^ (3 °s3 

3-t^sl^ 4aa^jAa^!I 6jlajJ ^aLu^^^l 3^3^ 3i j^^uQa ^oj da^La Ld>l-la^ 

M ** •* 

4aa^3^ jV ^^ 3' \±*\ d mJI 3 3^' Q ~* ^ 4 da da JLoit^ Lxaa^j <^3l^-U 

4 3 Ugfr'<fl 3^da^ 3-^ 3l 3^°^ ^ 1 g VCI 3 Loaa^^jl 4aJlx. 4jlj3^ 




O jj P ^ l | 


Q \ *323 fJLaJI 4 _ujI^J ^ 1c 3 63^9^I ^J.C. (3 <Q (jyV 

4_*_<o 3>ot *Tn jLLlJI ^.mjl 1 a 1^3 tpLub-flJlj ^Lq^U 4-3UuuLJu Ciljljaal 

J-3Ij Lq 2 >*j 3,3 Lq (3 Sj.i x \ pLj-^^I 03 JA cjjIj 

(jt A^rv^jl J.v* > ^ 3-12 (2)1 CT' 0 ) 2>^ LT^ 1 lI^ t^UajJI I3fc 


_ ^jljJ! 2h° lc^4 ^JjOJlI! ( J-C (jl ^-0 <4j£ ^JLxJl 2)1 

jjL, (ikij) jlii Ju .a-' U.^H ijli j iyl^l ipL^I 

3J 2)^1 £-9 Ja_> ^-^3 p ^Lu^yLi^J I 4 <r>fl 3 \A 4_ii^xX4i P^jIo 3j. (_£jl 
.^JUJI 4jLi-Jo (3 j s 3 -q ^1 3*^1 2 )^° Lo *3Jj ^-° 3a^L> «1 l^i^-v» ^t-jub^l 3 S 3 
SiLkll ^ala-Oj 4_ij 1 ^-^. 11 t£a-alaajU 4aaL^A^I' 2 )L^J>J- 1 ^ 4_aJL*-o Cuaioj 

f. % 

4 \q \S"v cjLix^ l^jl J-c ^JclaJI &3a (J-^l *~ill 3 pLu-^Ljj Sy\JLuD ^..1^9 3 ), 

^ ^ 9 SjL3 <0^1 I jL *-0 4 I^uujI 1 g J^lxlJI 2^-^ 

4J^^jg (3 (L^Lol^a jl) t cjL> 1 m?k 11 2 ^ ^2>*?^1 13a (J_v£ o3ti-^.5 ^aJI 45LLJ1 

++ 

J^\ ^-tiLZkJI c^l * /T.^j 4 JjUII ifllLJI i4->t£J 1 4ilkJ! 3 ^- S^j^LLo 

4al 3a*^La 2>^1 £>3 a ptual JjajiaJI ^-i-t^A-LO < 3 j *4JLaJ1 6 ja (3 

2)1 3^*3 <!■ (j^ 2)^ 4 j4a u^xlI 3 * q1L> J.ju^v j-5 

< 63^*1 .tail 4j,K 11 4SUJI (JlC J iSUaJI 4>L^^-a 

4 uij^i—i lAd^l \j& A 3 tCjl iirfoL>^)Jl (3 4 jljL 5 dlLliii Jk^oj^jl ^ -/ii^v 11 4 J jLjla Cjal^ 


>4 i\ pljj-i-fl-ll 3^^ ^ S3IL1 Sjj^G y^3 4-flalc 53-1 j dul^3 


2 )Lo 32 - 1 ^ Cj^-)Lxxu JaA ^aL»3-^ aJLc ^1 Ija 

W M * * 

< JaJaC3 ^jl j5 2)^2 J^3-tu*iJl ^ aul^> 11 ^Ijl-cL^J 4,a..x-uo 3i 


3} (5^3^° 1 fl * 3i i5l2cJI ^_Lx 5 iiL-o[ 2;^ p*ajlj Loai 2>f' 4 ^nl 2/^ 




lULaj 6* J! 2^LAaj 1 jLiilj p'^Lsuj d i-v />.q \iU 3^9-^ <ijKJI Sjlxl^l 


a:^L jSij ,43 jKJI ji 


-,l£ 


JaxJl c-flLoj[ 3 ^ lj J ^ 3 ^ >3^9 tl^aC. La 3^1 4aL^^(l l_Sj-Aj 
uLa *3 cilJjJ 4aajj 3 .4jjL^a 3 ^ <4JjL*-aJJ L<uJ /» Ija (^gjJI 

c]y±> JVJA 35 3 <L$J yXu.uita 2h° ^a ^ 4-513x11 2>° ^ 3» 9 £-a ' Ja.rv 3 4 mflj 
^a 3 > 3 il 3^ Sj^)- 3 q ^lr \9 3} 4 ,1 <n H i 5 UaU ^bLlaJl ^a-ajiAaJI 13 ^ 






J5Li) Jx iSLkJl aj jl Jj-*jj jl ^«u SjoJl JLIj ^>^11 


4_t a*vJI |x,t <11 Q~* (j-o Lljlj 

| J^xLa A-infl?> Jjl L$jLs ‘<jL>^ 


xaJ i 




L^° 


d » W-Q iSLla Jjlj 


E = hv, 


.•Ay±> Cwlj <jSl ^^OXUJ J->d=* Cwli h i 




S/i Lo 




U* 


jujJ I 4jjl^JI 4jaJL*-LI C>jx L$j ial-s. ^^lit 4afl j£ JI 4 jjj 
lj pliljS ioj'iJI 4SILJI 0^ 

J >la JJ£. *}j| ^Xl l ifllkJI 6JX Jj-o dLLcu JjJj <lda> Sjrto£ £-1 _*-jIj^!I 

J ' la j jn *iH ■ **«« >1 JjJ iil)jjj (d >M .x-'-wNI Cj*j jt a a!1 


Jl^i) tl*. 4,Afl^ m oIjjaII xx LI 445LU! 4 JU oLUlj£Jl 
J£ Jdj .4iLkJl d,^;; A olliljlit <> Sjro^ JjxI dxxaili (iL^kll 
/I .** « k_fijjubl Ijl Lix*aa»~a ,\U 4_>L*JJ 41 iix ra <UUa 5dl > > 11 a -> ^1 t^a *da*lj 


ZjL>l>dil j 6>ij jlocl d^J Xj ‘^di H U^J J[ 

J ^ucuxG d t fl l *C <Lfl l.U vlliu-l oljJ{^£<-^1 

1 Q \cL guHjJ ^ 1 fl % V—iLfcAj ^IlJl^ t Q 1A 4 l a- XU^Lo 

• JjoiiSlI A-*uaJj u - Wm Jx ^alr^x J I 




illdjl 

O auJ a 


• • 


iL££l 


•UjjiJl aJlx Sjlalj JLa-ujI (3 J-Lflj 


j fSJl 4ajJ^i <> dtoLu LxUJI 6j%U LaUII 

K.uaLLidJl 3 U-aU>JI , jx J\J *.I , OJI 4j JcuAll iaajJsJ) *~i Lajjj) 


O^jL^aiJI yuS iL^ S -A® C 5 ^a Jxj .( 4 J 4ojoJ.I 4aj'^H 


ilxa. iloLiUj l^jl ^x. l^aJI (Jjjiixi — 4 jLwL ^ c . (jf-iJl 





oljjJlj *I 

I 4 J ^^uaJj 4 4 \\I ^j^Ji i mt j A (jzJLLaU £j\jljs 1 <4auoIaj 

Ja^IjJIaj iP^ji 4 -l>o I4J ^j^jj J ^a-^- Ja ^j-ill 3-* Jjiil! 

** (Mb 

fr ^ * 

pA-lj Cj^^j 4-jLjI l^rv 3 wl5j jLiL 3 -uJ-a 4-iiifl > 3 j^La 3 ^ 

• * iluj ^JLocl jx SjJcii lliU N*\VN iioii (Robert William Wood) 

C J-A Ja *i!j <jjjl>Ia (J-oC L^aI Jx 4 \ IjCi* 11 <J£ ( j^i.rw nil 3^ » I'JaLS 

4aI aJjla 3 K 4a£J ((.^ojJI IjX 3 ^ 1 Afl ^ ^ 1 a ^jJ^j jL^aI 

' “ •• * ** " * 

6 ^-=J jl dj*i>U ^1 L»jjj c S'* j 

35 v-fiU^l \aA> 3I 4—fl \\ 4J £j-uj^ SjrtJLM lILIa 3 4 X&C 4J uLl^j 6 jJlj 
3* Lq^J^^a pLuI dUjj CjliLoAJ^I 4aa^)1 ^-Sja 

-C?-U? 

•* 

v,jl 1 uml (3 yLjJI £jA JjQaJI (3 L>3 ^ JjLiul 

4J-k^J 1 )) ^j\ ^ Jaa ^ jJI f Lsc£^!l Qla,ia> ^jJI 6 Ja I oliLV^I 

• «% 

o I j jjaI^ j^lu^II ^V \*i j\ujx&l* 3 <dj^Lkl 6 JjjaJI «4aL^JI 

N ^ N A 4,1 111 Jl5^ 4 Cali! iXLi5l^|l 6 Jfl > 4l^;lio 4 acL1d 4aj0xI 

Caaj^ 5 Ijl^ ihpU Sp-fl <4 aIaaI 3 ^ Ja^a Jx *^^L* 

- j j^j^jj (5j^ J 1 JL^Lj L$-ti c5j^ ,^11) 4 £.yMJlj 

Iaj 5^ nn i_LxL*Jlj ^J^lill ^jiVill ^dijJLi l3I jr\X^II Luja cilj 

Pul)j ^1 (6djj^> 4 ,aj <na> Ja-o 4^luj^ r> C-wu vl 5 Ja 4 a j K \ 1 li 4 

Jx JdXA^A ^1 ^JaA 4a JA^IjJI j^Jjl ^iH^g (3^3^^ J^AA^I 4^.1 jA t^. J-C^g iX 

# /t JaXaJI cJa^La OaIjJ (^jlx jrX La P^i dllj^ dlLl^tj (.JjoI^JI v-3ljrlci!) 

4a^1 jJl! ^1 cilj JaAA 44aa1a ri N 4 X IjAb. y^JuuD CuIa 

Jjcl ^3^ (3 ^JAAlAjAiJI IjjA 3)^ cU^ 4 a1c 4-3jJuJI (3J^J Ijr\A^ J^l 

^-uIajQ O 3 ^AA^pd \^ 4 31^ ,4jj ^pD 6 JL 0 A Jj-UJ^I p- /!> -V 11 ^U-£l 

JLo "> j .(^I^HL) ^jJI ij (ergs i 5 UcJl ^ h 

« ^ «k 

qLxiui 4a jlx 4,xucu 3 ^ ^-J ^5 Actions ^1 JaaJI t>l& 

. Jj^l ejaJI (Mehra & Rechenberg) ^ « '■ -^■'jjj Il^j * 

.To Physics and philosophy pLjoaJI ^>.1^ t 



Jjj jr\L 4.1o fl ^c. QajJ 


J-C J-C. laU- 2 JI <j^LS» dlLuJb ‘4 \\ hai^I^JI LL^LLil 

d \ is~\[ J_*ja 11 ('jSLI iiSLLaJI ^I 4 tVC 11 J_c laliL^JI LS £-0 61^LluII 
.4dd^J\d)l\ 4 la^LL £-a i^j.^1 pl-Luil 4^yL*lui iOl jJL» 6j-G-a 

jjLojJl (3 ^j-sLiiil ^^ ^ H jap * 4j^ 3 1 cxjIj s _^-A cuLUI Jjudli 

v- 0 Lojlc iAlj ^3-*^° izG-J ijljLJ^I ^Lj CjjLj 


4 % % int 



(> V 


1 Q \ 11 Ajllmijl 

M M 


J1 C5^' ^^Ul j& <jl 

•uilij 4.1 \jt i Lo cs^>U ^LJl5 3 I ^ <^J 1 

^jLoJ 4-ijl iGx£ jLjuI 4j*^Lj £-0 4-ual_2kJI 4 \ /nj 11 <L>^laj J^qLjljj 

oLc^ajJ pi A^afl.ll 3 1 n>M ^Lj 

** 

1 <^C. (J^la J^c SLXo Ij^fl Q jj pLlxu'U 4 fl ll^ a jlaLLo JLC 4_fi_!lLL-o 

^ p *• % t 

4jUjl 3 1 i<£> *J1 3 ^ J ^ Lfej^aC ^Lllil 4 jj^ nufl 1 


J^la 4-cLiGjl Jjli J kWijn.1 14 1cun ^XuajJ «J^Li» cJ^^Tij ijLxjl 

^jjuLij <J^ilG-uiil I Jjfc ((4 aLojlx>»^ <d\ 1 l>c jJ| 3^°3^^ ^ 4-xi^C^ Ll^uiJI 

•% 

Jj&L in11 1 g jmO \ 4jdh 1 ml 1 ^ J j mj) t 3 j0 3^ 1 X ^Jj^i^lI Cj 1 Jls* 

1 fl miQ* 4jLj^laJlj^ <3^3^13 Jj)LvlI ^_x£ jV^llaJ tI 4 JJxAi-Lfl-^ 

iiSLLJl 3-° jLxj'ill ^Lj x iiLLJI) 3 ^ 

3-°3^l3 4_5LLaJI “V ^ Q Li I ^-L> jJJa! nill 4..U1.Q.> (J-XilJI 

13 t4-uaLaJl 4 > ■>, 1 njJI 3 (J-*-flJI Jx. laLfl_aJJ 3 ^^ *(Jjtfl..U 


^gjJI laifl clL'iL) OjL) U^v3 ^LoLcj iSLLaJI J-C lal fl ^ 11 4_uufcl 3 


ijjlajJI t. Q y^rXI 4 j^ \^u^L ^5 J-lj 

4-i^aLaJI 4a,wnjJI ^ l tpL>j-iO 11 ^LaLiJI 4 julxLJI tJJj 


* 0 4Jl xu Sjj)4ii\llj J^il3.nt \ ^ 4a-olxJl oLclaLoII 4.0. Ll^q 

LLo L 4 K .4-iJj^^j^iJl Sj-4)U=JIj ipjljOl 4^jjaJI ^ 

i^uUl 4*jxl\ AlA^ ^l i-^ll ^tijjJcalJl pLi^-^-II 3 -0 

^iJl ^J| ij^laj 4 jL^jI 4 vII oLoJbLiJi-o ^lad 

.4_u^^^j^iJI S^d^lioJI ^j£- CjLa^jl 3^° C.xa 



g-j) 


L>I l^J ^ ^ * 4 Jlxu 4^ 1_>^L *Nt ^ N 4 _>j^jJI ^Lg-luJI Cul£ 

M 

<r ^ 

<JJ) 11 4*^jl ^_A Lg L=^.I^11j 1 Gfl G ^LI_J^ <4 \\ pl-iJ-LflJI 

** 

p ^ p _ 

-Lx£Lfl ^>j^-ij JLgcI { Jx~ 4_lLlg jl^3L* l_A j-\uiaQ~s 3^-g_i ^ jka1j>]^ 4.Q iS a 


J J\ Ml 1 V 


4 _iil 5 > Cul£ 


4x1x0^ I Sjj^ll Cul^ . pL>^j-flJ I 3 bJ J.2** 

11 CjLIiU 1 3 ^dc jJ-U Lg-g Lr3^ 3*^ 6 JJj^g dJb £-g *dj^L> 
^^ll! l qoL^I| 3 ^ C 1 ^ * JJssljJ) Jjl^j ol^oLill 4 jLj^ 3 4xuj J^o dlxAj 
3 6^)1 ^ it J^-gj LgjlS Ji-Zuj 4 JLL 2 * 3^ 4_iL^j 3 (j-uLfl-i^l (Jii-I^ 

3 l£xj15 Lig oJ^-o 6pl^>i ^Lcl^j «,6 J^Ij 6 j-fl-flL> dlL^ jj^ 3)) :6jlxxJ1 

pL»^xflJl £j\t » idlLaJ Sbrwl^j L^jI 3 ^ 4-uJjlJI CjL) 1 \\ 11 ^jjd bJb-aJt 


4 ^>I^jo 3) j j jl<.u^ 3->3° 3! £xuLlI1 33^ 4_jL^ 3 4^xijjd^Jl 

3^J «.pLj 33^ o jj^ 3j cdi'iL ^3^1 Sj^Ij 3j .(jlj^Jl 


SjjJI (Jj>.Ij 4^<gi cjL>3>j-LI 3 ^ cIj^Lj ^3uL» di j 3 ^ L\** * 

t )[ 

^ \ LTiat,l oLiJjJ-U 6J-A 3^ dJilj > 3^9 i LxiLfl 4 .gjx^g 33^ b5 

jj nt dlU-A 3^J <4 \ \ » r> olj 4-5LLJI 3-° 1 


dJ3 L 


l>^» ‘ 



3* oLlg^ ^AjlxuI 3 ^oLun-i-3 3*^ t ^ g ^ 



u f 


, ((oLla^JI 


3 dJ 3 3 * 1 -*-^ (^di djoJi 3 3"^^ i— 

^Jb-G (^1 4 \ 111 ^ vl^ L\" /M iSLl^J Lg J\AQ t LLi^ili 1 ,^ Ml Q,\ 

* r 

i.Axfl oLajg^ ^-Lixl^ oL^-lIj^ o ^jli^l i^\a <y* 3jSL> 3^ ^ 4^xa 

^j 4 (^JoJjrLi-ul CjL^-U-^. 0 3^ J5I ^A Lg ^llo m \ dJj 3° 
dj^Li 3 U Idj 3 ^ ^JdjrLujI 1 ^ \\^. A, i V JILo 4-ilxJI ^iaJI 3 ^ dJb 
3 -G 3*^ LgjIj ^ Jxj 3^^3 ^LxjIj'uJI 3 I ^ jrLfiLl 4-jujj 

4j^-o ^ .4JLUI qIj^axuJI 3^9 4-j^)lV\l 3 -^^^ CiLxxGxdjJI 

4jg Ldl 4 jLl^ ^ Lv % /\ 3^i 4-j^J *.4 ni,n;t ^jJl ^Ull 3 dud*-» ^xaLx^J ^dJl 
I 353 . 4 i5v\iiNCI I 6It 3 ^ 3^ 3 ^ '‘^jLa-G 

iJ jLx-g jLxxjt ^xgj ‘J3i!l ^LSII 3 <1^1 jtLxj 4,\Sl 1 i4_ilj jl5 4-jI 
3 ^ 3 ^ iJjUil 3} 1*}-^^* jifl 4 4 \K \ II ^33-^-fl-lt 3 c -kxaJxJI 



i» 4 lafl vll 


,~s\ ^Uv J \ ^yi 11 l^LuJI 4 ^jI^j^J1 1^,laL1jjJI ^jIj: 

^jl^o jL^j)I dli^L> J-*■ Cul^ oaIo jtVid ^1 • 4a^jujj'bL^JI 

Ij^ja ^5ljJI (3 <4 j£Lu^I^JI ^JIjIj^JI jlifl! i^o J^-4^5 

jrJX. <1 jlc v_J-uJ ^aJI d ^ i jit \K II jl^fl'iJI I J-UL_> <4_J1 4 -LuuJL) <Lj^Jlo 

UUUj ^ ^1 4-a.jail iLUti jKAl J 43L-L«t J 

%* 

(J*- JdJl^ (J-L^. Jj J^C |XJ JJ5 1 S -y 11 ^ ..vSTll ^j\ 1 tO 

1 M 

<4^jj5jl Lal^Xll J5I ^£> jJlj Jjlj _vUj 

j^Iaaj ^ljt-LL»^|l <3 5jJ Cjlil in^^lLi iiil<J jlL&uI 

.SjJjj=JI 4,11 <nSllj <LftjJ-5JI d K xiNI 6 JjJ^ CjLiL^.1 


Lulj^Jlj ^jjLLouji 


. N ^ • d \ /n jl jl j ^ajjLg J 6^oC *d^l_J-ll J 1 fc til i 11 


<3 (£ jvuj^ujJ I oLcljrt~^^JI t,_iVC A (3 Sy\ ^ in 11 4 -\l5 1 Jjfl^ 

** M " * ** " ** 

<ly> Cjlj)\inII dllj <3 4a^-ljiJI 4^LoLold>l o^jS ^j iN^*Y 

oiKj 44^1^1 K/iKJIj l^LbJI J£Lii! 

^iJI JjLlqII (3,3 c^>^i-Lu\jl (3 4-*^\ 4 J 51 (4^oJ-*Jl) o^Loil (Jjl 


(3 4^1 4 . cL>^L> dJj J ^>qj j^LiuJl (3 Lo^ A^Jl^JLc 

^iu) J^-lu^JI ^jlll^JI i ^\]r\ illj^Lj (Jl 4-Lfl jLuil^ Jj! 

jliJ^I Lj^LluI CiSjSz*- f^y2i^\ J-lfl ) ^>jLx-il^Ljl ^Ijfi £ d \ m 


J ^1 4_Lj£ ; *i 


> d-A^i >3 %Q ^ 


JLc L^-X-C i^UI AJ 4_i J-2^j iiL^L ujUu^J 4_uLjJ^lXl!I £j\\ \<\ uVll! Jj^Lj 

(3 LuLul l$J ^jl Jx. O^jLatil (£j\ Jj 8^ *^d ixAl ij d 1 L^jl 




(Some Strangeness in the proportion) J i_>l^ijl ^Aij» j oUaU^ j 

^jIj l^JLflj ^jjJI iikl 1 ^ K n <n ^-a JjljI MIT ^a La > lA .Li < t »flj 3^9 '—^1x5 

^^jUJ oLxjjJjl ^ AA La J >c iiLUl ^ ft ^Lv ^ ti^a. t ^j£, a A 4_i jJ o 

Lj m.\ >T» (J^Aj (tjj-*u^l ^ "h 11 ijjJoj 3 4aTi ^ 11 ^l>Llu*^II j,j jJI B_i i_^^) ^a 


i t <ii i > I \Zj Laj^ l-LLLa ^jl j cIjai ^1 4_j 1 ^|l >^/^Laj jl^SU JjLrwJl Ijjfc uljp l u^a j j ^ Aj J^o ^a <J^I ^£b 

.(lUI 4 U>i jijUi j d JLxflJI 4 _iLc (j cuK 



P^JLoJl 


6 jlc J Jj 4_l^ljJ S J\l^i t^\ 


o^lj fit J^Li. £-5l>J1 

■ C^ lA 11 ellLcO-cUO* Jl 4 j^Jqo pLl^I 

JLacI iJX* ^ * £ <G_iu SjjLfl ^1 4-uOJI 4,Jk.fl\llj 

•£3 (Phillip Lenard) jjLuJ 1 ^ 4laool^j SjjbLL-JI 4-tuljj 

i*Sh ^ Uaj^I ^ITwi^ <jojUI i( J. J. Thomson) .£ 

^>^11 pjj^JI (^ NA*\Y <Cuxi JjLlJ jJj .^vix ^-ujLlll (j^JLlI 4 jL^_j 3 
pljjouJI lS Sj^L^- Jlc L£lijlijj1 Aj 3 jjSll 

LjlxuI Jx 4 oL^jI (jx N ^ * 0 4 axu 

■jiAJI Jo^. 5 mi Jl!^2j (jl (olojy^J^H) J^jl^JI 4xiiiI jjl 4o-uj 

4 5 \j, U> \ cjpJk II 4iU, uj> liiHj (3 jh ^ W^lji J_c 



(_J^1J I ^ w) l^ 1 1 P J} 4JCLU I |V I 

I4J Pj) iA 11 cliLa^o (jl 


• jliJI ji-fc oL>jj\fLI)!l 

I Jj Lul UJJ L^bli Qu.,1^ 

(Monochromatic 


4JL>^LJ! j_c. p^i^JI 6j-*i I^j ^jJI 4 ^ KII 


a j5j ^4-uiij jjjlil 


^LiAJl ajj Lj 4a Ti > <jJiiJI £jLa L$-> J)ll^v> ^jJI 

^jo u^/Lflo 1 P^ is\jI jJi/V) cJ^aj £JiljJ) ^ <j^) SpLlo| Jjuu) p^juo 


■104iU J-C jKI 4-SUo io 5 UA4 ( 4 ^ 1 1&\ yGloJI -Li jiiJl J^*U 

Ia^Ia I\t /< 1 4jU ^>o^l 4 -S LTi (j^j^J^fl jAiftl Ijl^ ijjLcJI ^W-in j^o 
J^i=> ^IjL 4jl i._amI jjd JjIoaJ j)l j^x. <ic^poio I^jLL jJxJI (j^o 
jdi^Q dlojAOO^ Lfl.xuiXo 4x^JU 3 II 000 Cj Ljj j\^J^!I j^Lfl (SjLj (JJio 4 a^1I 
3^LL^jI (j^J iolojjr^J^ll (jx> J&\ JJC (jUk w jliJI (J^ u-J^il pj) iAll 


* %• 


lIjLj^L go (jlla k*i 

, ^ *• 1 

iS^y**' *-6^ Cy*j 


i^i Jao-44J 1 , ^ 


C j^N ^IajjLJ i^iLuj 

d_> AiN | j^a - ^XI P^juD ^Lh.iu ^Jl^LoU Lftjifc ^^w-ul djlo^jr\^J^!l 

.pl^>-a^JI jl pLSjjJI 4juui^ 1 (j-o — jlxo 4o^.mfl l Jl 3^ 


j^J IjjG-lu-c jj^^o 3 ^ ‘kJJj £^liJ Ixw 4,Jo i.^ii \ 4XjjJo 


4 L^a 111 I 4 o£Lljuj^JL^JI pLijoJjJI jlSLfll j'v,^ j 


*\x 







\j)\ ini' <_£A-q J-C 4.1^ iin i jJu3 ^iJl 5j>!^^ 11 fcjuk j?j (jjl J^I> 3 4 jI 

*» 

ijiij 3 S^-A>UiJI ( Jx. 33^ JjLlJ oLjI o i S c I ^JiJI 


p 

,i"iAml 4Lti L* J£ «jl£ 4,,fla^Aj < jxllj Iiyf3! I ^j^fl q! 


CjLj JjJ-LI J_C Ifl Q i iku Jyi ^Aj ^j^fl*\ II ^L*-uj^iI 

La£ 6^) >o J <-a^> ^juj 11 P ^unl I ^jl LlAlxjI 3 li ^S^aII < 

f“3^ J ^ ~ £ 

*% 

p 

4J (_$jJI (_^l iV J, laJJ JJyLlI jj g-^.,.All 

mm mm 

1^ 1 fl iQ A Ji,lr\ 1S~\ 1 6^0 3^ *E i (j in 0 J 


LJjJI 


-u^JI ^JA i£j LXiljA JI 

1 (j /nQj isLLJI L$J ^ 3 -^ 3 ja^-g 3^3 

4-^xcu </\ a n^JLi CjIjjIo^JI a <\a> /'vQ 


ic^uJI^ iiLLJI 3-^ Lfl-.Lu.Qj 4 jl-o£JI 4 axqj otUljSJI g a& 3^° 

4jjjj 11 CjLjjIy^JI 3-*° A^3^ aILlA ^j\ 5 A-lu p^LrfoJI ^JJUl-fl ii> Q J 

•% 

^ 3^3 3^1 tifl iiifij iSUaJI I <LflJ (oLjjy^i ^^jJI L&j^c-aj^) 


• 3,343^ 3^ 1 a > ^1 iiLLJI 4 m \ ,o$h 3- 0 Ij51aj <Lajj3* 3* ^aJu 

y i»i^iii j 3 jLLlll 1 jI 4-i^.^oj C 5 ^JI ill 3Jj 31 ^ 

j3ikjjj 3 ^ (_g^3^*il 3 U^LI jj ^ 3 ^ 6^03 . ^ Y N 4j m 3 ^ 9 -* S3 jU> 

** «* * ► * * 

31 £*3 it JLxr3 '^LlGj CjLj 3 Jji.JI ^1 ntj^j ^4 j I ^_Sl 3 \-C^I 

aS 3 Li t^kLc J^3tU j-ijlVkll ^UjQ QQjjl JjLjjJ 




lSJ 


AJ-lu 


^CjLj^j^J^I ic^uj iS^L*JLj 3^U A-S.C 3^ 

Robert 3^3^ o^j^5j ^jj^^jJI 3^^^ a 5 ^ *L^jLijI^ 3 bjljjj>.l^ 


cjjIj 4 fa iojjfi ^juLqI iijJI 4 jLc 3 ^jJI jjkj ( 3 Jj Millikan 

3c ^Lj3jiJI 3 3^^ S3->L^. 3c ^ ^ T Y 4 -Llu 3l^jJyo aSj tulj^L 

.3j3^J^I 4 \1 u 1 4 jLojLxS iijJj oMI 6AA> 


$3^^ 3[ uIj-^jJI 3Lifl q *iiLcl^ LoLc 3 ^^^^ 3^ ^^ I.^^ 

*+ 

Jfl mi CjJIj lT^ ^oljjJI 4 A ail ^ jjlfljJI 3 11 J^l (>1^ ^ ^3^^ 

4-uiQ s O-Q^-l I 3j ♦4 jj-lujJI uix>l Lfl_> c_i^-*-j ij^lo.31 J % !iLx-o 


4 a i^j 3i^<:^ii>i aLuj^3 3»p 3jLlJujI 31^ 3^ * n ^ % ^ ^Lc 3^ 

p p 

^J' 3 j 1 I Lfl-AJ l 5 ^Hl iOljJ^^^ 3 ^^ 4jL^»jI 3 ^ 6 jt\Jl-uci 



oljjjlj Pj) II 


4-^j J 3 I J i N 4 xlu 61 jJI 4^j J ^xo J-5^ < ^t-ij^Aj 4 jlx> L* 

JLJI La£ iJljLflJI 4 xcJjl 1 I SlxxJI ^Jb 

s& \ *\ * o 4^1 jxj oj^juj ^xll <j*bLUI JjLxj^I ^j\ j-Lili! oiill 4 jI ^1 

iZj JZl*ula ix0 .1) dLlj £-iJ ^xxila ^ 3"?\J ^ 


ue 


v» ^ ♦ 


^ AAlll 


£ugJ 3^ 3^*^ 3 4x11x11 4 lxLfl 11 d>Ij^J <n 11 3 J^La-uaaj 

£j-%iu 5^^-QJ1 ^>1 jJs^ <>o o^U^-o 3 oii^LiJ 

4uc^jJI Sj3xJ 1 ij^-lcu-i 4ilaGlJj Owia ju^ ^1 jUJ^i (jmoj) 

Mi 

SjIja 4^.jj *ja^j 4_>j )iuii Sjij^Ji 4 j-q^ Lq 5jLl 4o£^jJI 

0 i 

4jLjjJ^JI { J~C. A-cxjlj ^Jb^ SjIjj^ 4^.jJ SjLLI 4x>li 4xx^ 


.(ixUko oLjujJI <jl S&j <SjLll JaIj oljUl L$-J <_>JL>Jxi ^^lli 

4 * 

3^- JL -> La Sjl-C^ Sjljjl 3^^ ^_y& 4 5 LVvll 6 

jJ& SjLoll ^1 ^^ki ^jl ^1J \4i;ul oLa^jl J^l.\ji3 aJI PULIH Lg. \c 

c>ljj^ iiiloil J^LLoxjI 4-JjJx> ^Jjz I j*l J^lUL o V 

j; Lka^JI a 4jLj 4-XJj-flJI 4-UJJJ.1I ^Lul (]/ v p \L^ \q II y\Iik!l £x£Lj 

^-C. ^I ^llAijI ^15 ^4 jJaj 4_la$JI 

4 \ I 4^1 JI ^1 S^>^J3 4JLuj 4JU! ol 

JJLj ^^xk. ^ajlc 31 c-LajI jLilj idj^L 4JaLxi ^Xil^ ^XIA^J 

oIaixllxJ 1^ oL^^-LI ^3-O-kj ^uLujI 3"^- g-J> 11 3 j*b> ^ 1 1 ^ <^v v 


Cxlj)..^-A N ^ ^ ^ 3j ‘jk ^jLuJI J^^-SJI Axo '_ 31 ^■’ i - v " v lUxuLc. 

4 aQ-* 3>^* ^^3 iljjl^^JI d q \5 s 4-aiiu 4 _u^Lj 

3^3 4-oLciXjfel 4 _lajLxJI 4 1^ 4n a O-il^ . d t ^ ~A\ 

«4 

4 ^ Us 111 ! 4~Ls jJ'Vi t~N N ^ \ ^\ 4 xoj 


iJUJI 





(5^ 


4\ ,,, 


^^jLLujI 4^5^ i I 3-C 4 JLqX.| -v lAc. 1 *4_oLaJI 4 \ \ /i>\1l 

clLlj <<4lLi ^1 Pj) i s~^ 11 4 ia^JI 4-xjl.lLsJ I 4jlJl5Ij pLuj^^ N^W 

3->^xj 3 JjC Luj jlj i O k jl lj uIauux Jl Jt^ Jl Ojj Jo 

C-v-k ji^ 4 ^x£J! Ikulkxo (4 xaJLxJI 4-y nnH ^jxaxl kjju 4-ijIVi 


^0 



j ■ ~ JI 


Jfl * 11 ^vJI 4-ij,lo i.l jLfcJjl pL*. .4-<ujiiJI <jlij 

cGLoLalui)! j£j^9 ^yC. 4 o.j l~i^ni J <LlA jljl (_£J-II 

£-<g 6J-& 2^°^ jL&Jj^I 13-fc pL*> 

3 ^-^ ^JLxJI JLoc'il 4,0 .lu LugC jpL^j *SjjJJ 

^^LoJI ^J^ajJI ^ Cj^ Sxj -jrLai-auLo ^ £-a 


fJUJJ ^Jl 4 -i^-Ioj ija-Lfl J ci*\ n; i jjl LbJJtj ^ ,, la j «u SjjJJ 4-j 


•n 



JuTkflll 



i 1 q * A*. t JL U ^£j 31I 3-*^ N V ^Lc 3j l-^j 

6^^-fl J^jl^ JjLLaJi { Js^ llilj^JI 


W 

Uf L ■Li.U-1 jl ^jl ji-fl 


c t 

{ ^jl l .um,i 1 ^Jjla ^ . JJU ^lc J^wlLu ^Uj_JLq 3^-* L^_>l £-0 3^"^^®"^ 

L^-il 3->11 4 n\)I 1 ^l\c JlS ^1 iSLLJI { Jjl <t ^"\ tuil JSI 

H ** 


3-* la.fl-fl 3^ <—^qIjlLi) 5jJ-^Q 3-^ ^3"^ 3"*" 

AiU ^yuJ^ t^XcLxJI CjIjJ 3 ^i-juol Lfrtt 4jJi J J\ujj\ ~W 0 ^LicLub-O 


3-^>> 


* J, 


^4j^ji ** 1i &$3"* 

>L»j 3^J^I 3^° L$-> i-ifcrk3 Syliu^ <L>J>l£j-G SiLgJ 

3^3oj 'iJ 4j^ Lu.j.i ->^ i l^J I ^X- jJ 1 ^juxajSfc i 3 ^ 6^^3J 1 

4_LJ^y}£JI I^l^Ljo jU 4.vS3 au^L£J 1 lj).fl 11 1 % v~> 15^.ilj-tu.o 3j)^ 3^ 


♦ * 


S^oj t6j3JI 3 cJ^Luj i—Li^^J ^ I j^JLojI 3 3^1 

& 

6 J-i JL>- 6j\r- ^jLuj Ci^Lj 3^ 1~Ti 11 pL^ 



ii^ylajk ^)j)Irx> 4 i^\ Q 3 S^yallxuua Sj^jxj 3J>^-* ^5 4 4_1^ <u.l, I 

.f£J1 

3 ilLujj 3 °^I j3 G^j-xljIj tljlj 3 -i-fl 31 ^ 31 ^ 

.£ Jxui \ 1 4 mCLl ^LxJI 3 ^ * u> 3 31 ^^3^3 ^ ^ ^ ^ 

s' 

13.^3 31 ^ 3 ^oL*_c 3 3 jh u -^ 3 ° 


11* I 


s> . 


jL^3 eLilc. u< <^ll 3-° ^ 3 I kl id 43-ijJ^ 4j 3 Jl ^ = ^^ 

^AjJI j\ju ant kLl 43^33 3 ^3^-o ^3^yc 



jn-) Jj4-Ini /jC. Cm-JI 


p ^ p c- 

xllllj .4 jL^jIj j j_u LcLaSjibl JjjiijJj JJfij 4 -jla J-oIjljJI J^-mJI 4jl 

Jj->j-s J^ojlJI 1 j-lJ jtLuiuIijLo ^ > Y lI jj^j Jiujl 

^ Ji *.5jl!l 4 aIj >*J Jx. <GU*_>I 

5f t 

jrLiU-ilu U (3 ^ij^-flj JJ 4 -C.^a^.xu UolAJj^o JJxJ 4 5yuai 5jrLflJ j jfl -u> I 43 -lu 

.nn iuu 


*-j-u^J v_)j-LLnll p^JuJI ^Jb 1^ \ iS\ JL> 

^ *• •* 


6 j-1 iC 


>^ 




ij^LiC dJlaj J^j 
jjjJ! pLij-iitll ^3 aj.S.T\..I 1 


p <jl^ 4 -IoLiJI 4jj-L5-J1 ^ Jaju^LclIJI ^jnLj i j jj 

Jj 5 ^ 

-jfljlt 5jj is\\ (J-aJLj I li vv~i LL-Jjxlj ^-A-uO>. J 4 fl II jlSLfl^l j-° Jj-lS jli-I L> 

jJj 5j^-£ j Jjjn-a * j l 4 \ o \ 5 -v 11 \^ jJ | |. ia Llu-O <, u jiU L> jJ j 

t 4 -CjL> j\sl. 4JL>jJci_) jJj idllj ^j-o *,1 urvi jl ^,j kWt 4 ££j-^-j 

jl^ 4 jL>jJ£iJI t ja^l 4x IjU 1-U3-XJ Ifl jJ^itj v_iuxjLlj £-l^flJI (JjL^J Lo 

5jj-uX j jj jj^I Sjj-uX J-X Jj 11 frUjil j J-^JLJ 

(3 Cj Lij^£J)! I L^_> dl jjn-5-i 6 j\ m X.,us 4_ixlla-<ju 4-Cj^ajn-ja J^-xLi ^X ^J_ll SjjJI 
JLSj t4.iinilnl\i 11^ 4jSl,\^iI l^jjKall Lx-u CjI^I»Xo 

pUgI UIjl^I ou3j J^UI Jl Cj\j\A\ dliJ jjULi J L^OJ ^ 

— iSli^Ji 4j^ol^ ^-lo.^ Q.xj L$J ^^axu-o 4j^ dllj it-ilj 

^4^^ 4jj_LklJI i il-L^ij LIj^ILlluq LcL x -lM ^jjjJj — 4j^ol^ 


1 (3 \n 6 ciSlicJI ^ya 4JlL 3CQ O LjuO^ CjIj^J^^. 1 ^U ((5j-fl.jl.il ill)) ol jUsl 

ti\ dlljj i^ lo\ «njJl (3 Cj IJ I wLO J~njj 4 4j.iU LojI ^3lJlJ Ij^J Cj UlX 1 lA-A 

JlLo ijJJj 4 4..1-UJ-Q il JI 4-CJ^^.U 4jLuULiJLjJ iiflli^Jl oljlA^ ^yO IjjOli^ 


CAJ ^axJ 4 -^ . n\ JLfll^^l jl vjLIjjJI J^ 

f. ? % t & 

•LS -jM J£1 u 1 ^ <t -‘ l Z J ^' -S -S ^'-3 ‘J^ 1 ^r-*!' H 

^^“.11 ^ “VS 4 -. a ,.n (Max Jammer) ^U. ^Liil .(E. U. Condon) .^j 

.(The Conceptual Development of Quantum Mechanics) ^1 
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f C- 

^ 4^l^g ^lj*o dUj^g ^ flA.u.ua ^itA m,ll l^J^' j'-^ u! J^' 

.lft^\ 1 > La ^3 jXi-uX-a ^J>.l ^;1 J-O X^gJ 

j\*£S jWI S^SUJli 0^ H 

Sjj^jo oLbo^ JjLEj ^IlJI 4JL^. 6j5La Lol <4 ^ I pL>jj-cl1I 

4-j^iii LLs — ^x.jj ca \t/*\\ Lo^ iiSLLJI qLj^a *u.a — iSLLJI 

** 

ij_jJalJl ^ya Jj-ua-L ^^AjloJ. 1 SjjJI ^j^xill j»J j t^Jl 


LoX l \ 0 \ fl..T>» IjJ-tek- m ^JXj JjI 41—XjC fkSJl 4 _>j_1oJ £uLxfi £-G d X \ / mNI ^ 11 

J JxLcu JaaU <> ^xSk-> Lo j^gjJ JjlxJIj ^jjs 4^ I toljjjl f-UU 


t-Lfi l£ j JjlSl Jj t Xxj Lo-l 2 £t_iAjl JJSj ♦4-^JXi 


^a5lj ^ dLLu <jlf^g iSjlU ^5L11 4_>j-Li-J ^Li-uol LJLaljl Li iaL 4^*\J 


„ua JL 11j 6 Jljlj 




LojLS Jlo ^J^xlxII Ijjfc J^Li la^k II P^g_±uJ_g 4 ^-oIaj 
j JoJLfl ^aJjJI jLaiJI <Jx (jjuaJ 41 


4a*£JI ,K&U 4Jm nulla 4*51 Jl ikikJI 


O-oixj d5 UJ^ IjI q ,4.i£ iau^JI 




<.*1 <nft > J4J <j1 til lie (3^ *4_> dJ^r^J P^Ij ^jojlu <jl dlLo ■ JAI ^>3 

M M 

<jl ixiu JjL^j ^jl iiLdcj zd q 15-rs^.l 1 dLlj £A55^^L1 

(3 SjSL$ tsilJj Cxj 15> — Sl^lH jjj3 S^Jl-uo 

6I^XlI 2;jl^ ^juftj U p-^Ij — d 11 iA/\ ^ 1 <4_>lxdl 

5jj)i/\> ol Q i^H iSLLJI 4 _Luljo 4^la^ dl 1^.>^g 

. Lg£ 4jlAc lx 

^ 1 ?fc \ 11 J (J -0 ^ \ N V 4jlmu JIaX^ i A * ' 1 ^^-li l 

c c 

4_> (CdJI 


JoujluI 





ni^j^Jj ^ ^fl-iuVsl La JlIx ^ix ^luLjJI ^j^-flJJ C> 1 ^JlxoJI 

t^)ajL>ani 11 ^a ajLSJI p j) aII ^ q\A J 4j^lj 1 ^Willi^m 


J 


«. «. p p 

y^ujJ L^jIdJ 4 ^ojL 5 ^It/nj ^j-uC> 1 Jj I Jo 5 Q 


^ nn vl 4xa^Jlj d tC xuj'J^JI QLi^lo-Vl) .6^dJl 4 -iAj 




Jj 4Ja^ v)l 


lUA.ll jl^$l ^j£- J 3 t a 1,0 1 frl^ll <jl lllk ^jilll 


<3 6^ <jl Li> jjAJ i^Llia^l pJc Jj&AJ v..-fl.\5> Pj)iAH oLiil^S* 


I fcjjfc J!Lo (3 *4..v'<ulai i * oL^jjpo 4 jI PaAII 

£j>* oHjH® ily° ‘cKfcH ^ p^-iAJI <jj£lj 


jjpLjbo ^IjjkXuiL)^ /i q I"a 4j*.^o J^jJa l)3^ (J^ JjL2L>^ iKt ^^3 
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4j3Jj 5 J J-^.o £^1^0 J SJL:*.^ 43 £Ij Jaj)Ua» Ji—fl ikll la i in i^>Jl 
^jJI 4 ifliSlll <4 jJ*Aj 5jJadQ oijj^3 JjLSj 4 ftjJrJl \±& ^j-o 
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cjiAll j^aC j\r^ £l PlUJI 4\ i• a d 5-tvVft J 6 Sj JLau iajln^ 
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I* 

J1AJJX 


oLujIjd 4 1^ <nl^j CjI>^II^ 6d-L*-jJ1 ^.^.aJI 3-° a\ 
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<^t-uj^aii]I flxll Johann Balmer jIL 3 U^=» ^juul j*) 
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4joi^ 4cK 5"ill lg.\ wa oij3ll ^-flljJal 3 olj-iixlJI 3i 


ft ft 
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Jjli dJjJj <4 a^ .iiillj 4 J 3 UI <2>* U k1"k H Ijjfc ^j-a Jl^lal 6Jja.j 4_! JJ£- 

h Jlo iiLuaLk « ((4 1 * „k kin)) 6Ca*j til 1A k 'i! j^-SjJj 

& 

6^Lla£.I ^Laj^ i jLxjl 4j JJtC <J1 ^y £\ \xS\\ 


1 *■ 

U-k >fl-k ^ 

* » > 


** M ** 

Cxuujj 1 



jj^' 2 ^^ ^j-“ 
j ja 11 ‘ jxi A ^ * x Y * : (J^IaJ I 15 Lj fi^ / ?n c “ 


L?*j (I)- 0 ^JiJI 


4^^J 


■ill 


c- 

0 ^ 


cr r 
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S^3!t 3 LlxuLujI I^aJLj P^-CLXLLi J tQ 1 Lo^ 4 ^C Lx^Ii^j I J_L^jJ 1 3^ 3 ^ 
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SjLU /^o 5Jylrwa S^)J JjLi J-ilill 4 JLx^-H wl^^J ^ 4*j| «y_jJlaa^rx 1 ^I 

iloU. 4 a a^L> ^I Hu jl LoJ! ^ cjjljlS^ ^JI^V\ lit LlcLaHil 4_L^iuJI 

w w t c 

4 t-\ /m 111 oJjJl J-* 0 JwAC ^j-° 4-i.uua 4 i vi>\ Jjl i\’m jjj Ia,jJ 1 ^ j 

J-Gj Jliik 1 Jj J.Tk,^ tjULQ J-Oj <3 HHlj J-U-HaO d-UiAj j-wClJJlU Hill *-iil| 


J-Uli fc^O-xJ 
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Ic JU 3 


^ iA ill J X-AJA-0 ^fW*% 1C. |J-^J jAA X 
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LqI t 4j_tu N *\ • • jj 4> ^LiLi j-ojJI i wV> ^yajj .4j_iC ^1 tj i=uu^JL> 

Jjjl ^yaj L$li <_s-*J 
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<^uL aajU Lau^^J I 1 Jj5> J 3 ^33^3^3 d^wJ n \I t L^j JU* JU X > ^^ J U XX 
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^-HJI 4-4^-IVxH 4-^X.l JUMl <Lul 4-jjJrVil 
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u3^-uj ^La 4_fl^jL-o .<lL!j x \ 1 djLfll^ ^Jljuo jLXxxi^ ^Lx^lo 


pH /fi**h II ^-i-Io^o 4 x\ xnljJI Jjl JL^JI 


' V^wClAoJJ 
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^'bLa-xJI ^yO (JZ I o 


iul AATxr^^il J^lj^kJ! ^■■A.u.u A.^jj-kl.x 4lj jhHJLxj , 4-^3^^!*^ ^ 


od-coJ x^q tj-al xlll ^jl Jo^Iu 3^"dl 4-iJ)l^-o K.iiA-x 

.oljjJ! ^y> 

J-xLiuJI I dI mil S^/H-tl QLoauJI 

oijin J>-xd-o JAC JI^Jx.1^ t4_xA-cj SjLo 4 i vd l^jl ^ Q*\"v \ 

5jrCiJ I ^iLfiU ir^i. Juix JL — >1 ^ , Luco ^oj; ^Lxj j i 4 ,\_x ^ ^ d_u-oJj S3 

Lu jA.aaI I Lu1 Lai^^ i I -.^ A y L LJ I ^ C . \ 11 31^ Id 

5 J) 3^ t^l^gjuLuLx 3^> 3 3 ^ x ill 4.*„ui 11 J-XC 
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Lo \ vii \ (3 5-SUoJI oLmr> 4j^LiLo J^wClj * ^ “ 1 

S^^JI (JlLajj t4A,LlA..xa JjLoxJ L 4 J 4x.j) a y,m -U 4 J 1 

iilkJI qLj^LiujO (3 L^y\£J[ <UJikil CjL*-j jJI 

4»^j J Lo 4^^> J /^-o 4^j^JI <6^)jJJ 4iJX^ll 

6 jJ 3 il^J-Luil ^ iiSUaJI 4-2 6 J.A^k ^ 4 _l^ ^^LLxJ 

toj^-Uk rv. t i a v U> 11 o ^1L 41 rf,uJ.<M jiAjjj.}^ 11 

( 4 ^ If. ((^Qa mil» oL*jJ-H Cj^ CjL^jJ 'i 4j>^ 4 i iu 


JHol i> u^ c Jj^ ^ tij 

w ' * 

^jJI Lo J^jjl^lIIj i-a ua^.ij Lo ^j/~\^ i7i 4 , 141 !! 3 4jI i 

•* •* 

4^Li-oj>^)1 4 a iilrsJl j^tii \ in k-il mV\^' lj -£b V> 4j \Xn SjJ i 

3-C 1 ilr>j 4^1.1^,^^ 1 oLaiUJI (^LLijlujI Lo-aIcj .4,iln.*iJ 
4_JljJi oUUllS^^I j! Ij^ 3-° JxUJ JlS 4-ili *_Li-LJI 3 -u^L2j3 

. li-^-v J_c. Ijlxoa ((4a1xqLiJI J^lj-ifcJI)) 3[ 4^L^J1 ^JuLLlu 

•4 

jJl c . *Lo Sjj 3 j! S^jJLI iiLLzJI qLjIhlq jl^lcl /jfLo.1' j^o 

uL»jJl ,^v iii 1 1 i r-v L < 1 11 jjLjj o!j>-^-£ J^Lo L 4 - 1 ! 
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3 4^1 O^ <£j—ill <3 CjI—2*jJ-!I CjIj) lrx,2* ^j-o 3^ I^Aju 

w p 

ol-^ji^ 4ilkJI uDjLJ)~ l iXLO iJjUuOJ <Cj 1J J 11 1^> <n.»l ill—^ 


p 

»A_flJ I n\ 1 aAxuJ I O 1 - 2*7 ^ ^0 4 _^j J JaC XjULjUlJ L^J ^ 1 /Jl 

j^j^JI JULajI ^ilLl^ 4pL£JI l^jj 4 ajj 3^ w i!a<1/71^ 


-t^-JL /iv iSLl^JI ^ ^jliJI (^jILoJ.1 Jl Jj*i!l (j jj i u-l1 


,^l ilLJI) J/Jl tsjlUl Jl ijili ^j£WI ->Lt IjL 

J-3LA^ 4,1 \ Ui^ 7 - ifll -UJ I 1 /It Q s 4_LA^J I 

)^jr^J*}!l J % 4.1 1 jj,)^ 4 j^ t istia \ A \ 


JljUJ 


(SjiU 


'j 1^>^w ^ 4 j^J iiSLkJI Syz ifllkj ill a n ^1111 ^g^L-u-ilI 


3j3^)^ 3^ o' 3^"^' 3* <Sj\i o' 3j3^^' 

Ja^kiJI jro£ ‘iSJ^ ^J J J! 


cS 1 o° 



e 3 


^LJ JLilil 1-fl.io K-a. JjLijj <^/V\C (J^ I ■ ^ xl^ <3 

^jJI Q^i 1 — 4.0\\i ^ 4 *aa£ aLsj! Lc^J i5LLJJ 

*• ** " 

iLrni-uJ JlLo t Q \-Ut 11 iljLc 3[ 6^Llc <4 1 4 JL 2 JL ^ g ~iVj 


4l9 J[ J (jrd^ <jr^' O^lfljj^l (JS[ ‘jllj 

•• M «% ** 


W- jaju j l^Qj-uj L: 


L 


. J Lu3_LJ >1 J^,Aq 7 ^J t> "V 11 


4_uIj ^J_cl CjLj jfi 3 J CjLi^j^J^n 

JjLj jLc. (J^JLsw \ j\xi LqjIc.^ tdLIj pLajI i 



Ud cjLjj)" 1 in^ 3 J. 4 \ 4 ^j^jl ilLJI 3 oLjI 

3 4^jLj 4-iA cla (_gjJI 


** " «. •*■ y * m ~ 

jj .iiLj^Li Jj^jLLa 4j_^LmJI iiiljjJl i5LkJl ^Lauiu| L^_> J^v ij^j 

J I JlC'wI illuti I IjJ I 4 J 0 1 <IUJ JI A UA^ 11 I i, . ^ xln 33^ 


31 ^gjltn^i c j-o 4-5lia x^-uj ^1 oljjJI 3 ^ ^ 70 ^ 

^ 4* 


.5_sLL=JJ 


<5> 


tilU j ^IJI UukJ^I ilria^jA^.11 ^-fl-xJa j _>-L 1_» 4.1 till ti> JjLaj t4 fl i, 5 H j 




jjj 4>jJ 


4_al a) j \ ^ *\ d \ ... 4 _aL*JI <Lu-uiill > 1 L _J_a^l 

^jA jk j Ojlj 4-lLaC ell! ^ J-u ji^ H jj^ i^JJj JJLj ^^1 


^J^al 4 oik ^Ul j^klll dljJ 4-i,a/>~v Lo JjlJJ 4jL^_jLj 4jjL5-a 

Jl 4_i^_Lkj ^jXk O-S 3 JI elll 3 4«L^LkJI 4lLk AA1J dLll^J tSjjJJ 
^1^-iLlo 1 jiLjHJI ♦Lkjl <_^xi < C_~ jlil p 




5jjfcUiJJ mnl jry.u.flH jo Andrews Millikan 

jiL>l tN ^ ^ 4jLtu 3^o Jjl ^/L-LU-fl-JI \jL& ^-gk LoJ*\C 4-U^^J^^j^iJI 

^yO^-CLs lljLi <5 j1 \a!I < k J1 4 li4> I <u (3 3jk-ll yU^J plj^.1 in ^JuC 

j\ mfl d j^jj LjlQ CjLxiLj N ^ ^ £ 4u_4-u ^-£-jjI 4j^J ^nLixaj^l I oLij| 

^lijlj < ^1 <*j>kJI lklj£ 4 jj^£5j-a 1 lMI ^jI-3-mujI 



4.1 jmj *£5jJI 4 _jLc 3 h <La-l& (j^jlaI} 


4-ajLi ^ 4jL^-j) JjjI 3j^L^ j-C. J 4_s 


4iu4 j,LqJ*JI (bJjflb 



L5^J? 


A\xr 


-OjJ&f 4l2>. nil 

l^j — ((SjLLq)) 4-5 Lk SJU. jo 3jUI j jjllJujI dljjl jS^ 

j£j*£LI^!l L^J — Jll i5lk olj 4JU. jl — Jlc 4-5 Lk JLlu^q j jjk!^|l 
Ja j| 3jHI ^-cLx-oj^I Jklll 4j u\ \ — jiillo 4.5Uo ^jLujuQ j 
eJj^ku ^q jo l all I) LojlJL a j^k jll I 4 -aj I 4 j\5111 ^ ^*114ii I 

u-jLxu^ j[ ^3 J^fll I 4iLk.ll O^La. jo La, ill ^ OI j iJ I CjLacoHi 

m iLxa li^ U5j J,Lii i5LkJI jo 4JU 3 Sjj JUul 
^)La^. Jl J iv^> jLiJ ^LxHi^Lj 4uJLai' 4j^^I ^uoLlll ^jHjlujjIj 
jsl 4iLk olj ^>1 iJU Jl n 5JUJI 3 Lc Sjj ((JHl j\ Jli3» 

4 J jLx-o 2 ; 111 1JJJ ' J! *(Jj*l olj) 

<M 

<JkJI 3j ^4-XO^Jl j^^pQ ^puLluI Jx. J^JLu'ijl ^-xjjl^JI ^Lx-UJ^l ciL'lJL* 



^jUI 4-^J^al ^/viill 4 A I ^jllmnl jkil ^l.il j uj\ ^jx> j^j 

Jl^l — jLol^l jS^JI is Ik] I SuuulJi\ c^LSli^l Jix. l>Ho 


c^UlpuJI j\ i4-Lflj ^kl n \\ \ ^ 4 A a * 3 4 1 j I 

.CiijJI IIja 3 HIH Ij-=*l ^1^-j 4ll ytc <<iUl 






J cTxjl i ^xLxxu^l JaLaklJI J-i I^jI^ Ji-o 4Jio ^jLj-iiljl 
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4-ojLLll oL^jSlI i^iLLJ,! 4_iLg_j Q-m-J 4 .a.Il>oLjJ 1 o' 

1 g ifl O^bJ ^5J1 4JtSLSkJJI 3 4 joju* Cjjl fl.i.il pIj^ ^1-cull JJaHhj 

ijj-liaJI Cj'x 4JqS\U 6Xfc XX 45l j-X .j^T Cfcflj (^' (3 o 4 *"^ <1 tmjiA1L> 


i1 in)) ^1 *, fl n"^ i ( 4 X \ /uNl^C 1 1 O^ ^LuoXj^l 4jLx5-2fcJI 3 4 \cf\ 


.1x1 cjLgxx <L*o 3J' 4.5l JgJ 1 cjI^H 5.i.\l ^1 ^xljL-i^j! JLjiJI oqj,^. pQ^ 

«* 
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Qj>l -ml Jx <iixxJL LK c 


CjI 6X> o' J-S'jJ' 3 ^^->3 

• 4_xjjjLluI 4jfl.mli Cj^JjLllu SjIj[ 3 dJj lx xi^ 


C5* V^“* P L5^ L5 lfxo‘^-ll (JL*JI 

" ** •* «■ 


L<: Aq > i.x.mll IjX 3 '—j \.iiiJl^g tui.f mJI u > in 4X^Sj o^3 *3 

^1 <( 03 ^" pLqIx xVn Ij|) (Big Bang) ^ 3 ^jl11 q!qV^I 31 J-x3 

jaJLc. 3 o^J *4_i 3^3 ^ Lq dJj '^1 jLi-oJI 3 jl^JI 4-Lk^J 

^xLxxu^jl 3' ^ '1 o' ‘ pIxL^JI 3 4 1 , 1.1 i.i.J I &X> JlLo 1x5 f<UI 

^^5-lux 31 i5U^U juu ^jILuua o^o 3-5 IiIlj ^ o n 33^*-'^'3 *4^031' Cj^'55.^3 

M £ p % p* 

iSUcJl oL)q5, u \a 3 &I SjjJl JoxXj^ JJxo ui^t L^-*-c o^°3 3 O" 5 *' 

** * * — “ " 

O^QpII o^o 4_L^_=*o^!i 4 -aa£) £ua*ji!l IjJj *^XlIL <t^LfiLk5l 

^lx jl o! 4^>=^-1' oj3^^' o' (Quantified 1^55^ 

iX-Lu) ^Lo Lij^L5 4..1,iiiQ ,(LloL 5^.\1 (^J)5i.nll 31 Sjo- 31 ^') 


3^3'^ c* 10^5 'ilj ^oj3^3^' ^-5x ^Lfl Ijla 

•* ^ «» 

O 4 ^ dUj OJ2kJ Lo5l <JXhX Q vfl3 3^i' o^gj^J^jI Jx o^J^- 1 

«j5jjX o^d^ U^' > JJ^Q AuJ 

5q5v all 6jx 3 ' £-* <Sjx^JsI 4 \vwiJI £-o Lc ULuxul jx^ll dlij o 4 ^^ 


^jJI 6j^xJI o"^5 u.llll Oo^ 11 ^3dx o^° q^lA^ 11 p^oLuJ 

p p 

Ji^ 4-o.fl ^^ujj o^ dlj oU .^UUI Ijx pio5 o^° ^0 ^ Lg^' cJ u J 

^5JI pIj-4u^I o-^ ^°L9 jaJlx 4 _j'o 3 3 4 i%a>l 3^3 iliTk. 11 

ililj pL^ iCxfl^JI dllJ 3 ^ 4 ^q 5 ^o^3 '^ k ' 13 a Sold^ll 3^3 xuj 
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2"j^iJI C)lxiJ^HIj oUjJ 'I <J£ Jj^oliu 3 £-‘-‘0^1 J-*J 

<Ol OJj <l >^0 l>l > < \T“\ ilu, HL* ^jill 


HI 


LkH 4ibi=JI ^-xj jJjjJHI ^_XjujJI IjJb ^-Lr> 3 a (jl 1 wi5 

~, * *. 4 - * *. e- 

4-j-tul^)jJI ^ja5Lll 3 4 -j^ 5 d .A io L^J ojI^ SjJ ^jl ^r. ^1 

** •» 


I fl K-l7j 3 tl^JLcu4>l ^1 4Jil Ja.i n 

%* 

1 ^ .* 1c. LijUcI JoLujI ^1 S^jJJ ^j^oj Jixu 

^jjLlLJI ^jSLti? JLc I SjjJI ^jl <4^oj_JI LuL»a 3 


.* ^ 3 uS^ Inc.'S ^u_J (pLcj^LII jl^ t . ^ mfl m ^ 

t- t 

fr^« ljU*l ^^5 J-3^ .4 _u^C pLuiLi 4 _u^£. C>Lq-> /n~v 6 ^Loj 

<Gl £_<oj LuU*. 4 jlxu-> 3 ph-tu^l to±& ^jXt I iau 

(3 4jJ£ ^jjjLqJU^I 4-ua^-dl LajLu* ^jC* <J£ jLx-iILluI jj.,1 ^d 1 

LoJajt SjLstxu ^^Jll) ^ullJI ^ 1^ * <o ^jLfl ^JLc. 

pLj 3 f^-^ u^i iiLuill t 3 .^Lcju^I 1,1a g’j^aj 

^j\ JjlA 4-LfcjJ £jPLlojj ILuaUjI Joj5xl\l ^kAjl^Jl 4 j^xoj^L^JI 


^ v*u <3 iSLL^Jl^ O-fljjJI ^ ia^.a ^ Lj^CJ ^ .4J y a AiLxua (j-\J-=^ta 
jaj 3 -Ll^jl 4 -jlLqx. 1 (}^nJI jjj a^ 11 pI 1^vj.l 


4 dU J ^0 ^ 4 \ ^ V ^ 4-lxU 


ojILo! ^llJ! q!j)\ 4i>ll i3 j^j 


j J-C. pL 5J^) I ^jj-5 JI qLija >Lq!> lo ^j^’udLlu 

tillj <3 4 4-5Li^) jlflalj ^Jiuwi^Jl 0-^ ^ t k i ^j) 'j) 


.1 Ja Ij^^q L^.j <3 Cj * ^j 4 fl liL*. 3 ^j^xxj 
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*"»lj \ A^t jj d\ AvngnHro ^^.\l-%^cl /^•i^-vll 4 \aU v-a oljHI 

t> O'-*-" c> *i»b f'j^ j 

3-c ^_ijjviJl tdlj t4a-Q^_JI LuL^. 3 ^ 1.>L53 pL^uill 

^uLU ^| ^ fl 11 4 alr^fl 3 C\U *o!j»aJI jJU^a 
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q A Y ^33 5jj .^LlHI jl 
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Ju 4-U>_Q vl I 



< 31 ^ 3 ^) li oljli CjIjJ ^ j-a 4 m & \ JJjlSI 

.Ounce iiSjI cJ3 0 -* ilS ^1 33 : oLq!^ S 3^3 .Ul^ >Y 33 J 


t>° *jc^ 4 JLA-L 03 ,4_x£jI t-Ai/Vi '^LlLa <J31 33 -* j-u^ Lai 


J^IC JlC. I 4 K tA^flll &j\J L-u 3 4.1 I^S 3 I 6 ^-J^ 4_^uLq 3 I 

«• ’ 

- ( '3 a 343^^3 iii^bllLi Lc^jllo 'A jjjJI^ rr \ * x *\ 0^ 33 j 1^3^ 
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6 J Lc Ijua* SyO^JI jljic^l Jj ' ^ *3 S Lj (3 JJ-aJI Ijjfc ^-uCi.> i-fl-A* 

(J^ La^ Ij 3 X J dll jJ . 6 jaj^ J-*-flJ L> 4 1 fl 11 JI I 3° I 3 « 4 \*\ U JI JX I 

.dlill 3° 4HjjlijQ J J JX jL^jl 

^ N * x A 0 4-1 i.u 33->-L N 0 IIj^JLj fjlxll 3AX 3I cj j> ^ 1 aH jslxxj 

flj J\ (JLlII j^x. J&l J^Uj M • 3 * j£\ Y M • jojJIj .4j-oj 

.4jQ_!L> Lfl_frl v jJLjljj^ 3 ^ I <3°3^l ^JLusI ijfuz±^3. nv.c 3Jj 3* 


J ^3 .icLtu Y £ Jlc .La^_> Y'AA 4. wn ^g^AATi .<Uill]| ^^-£3 

YY J-c. ^g^’lrkTi 4lxu 3 ^ a.LSjA!1 LL>3 IjI^ .4_ijtj X*\ * • Jlc. ixLtu 

w» ■ 

Jx* 4 -Llu N 0 <jLi lj-13 . 4 -IjIj w \ * X Y 3^k-J ^gl 4 _i_slj ^3 \\a 

«* 

cJlLo i!U cj ^-c--^ Sjx-LS ^L 3 L viUj3 n A 4 x £0 

^IjiJL) ^ac. <jLi 5 j^j ‘ n ^ * o,--^ - *"^ v \ 'J ^ ‘ 
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.^1 J “l jl^ Y M * X “l I la. 1 ^ J 3 t JO>JI I^Aj . w N • x 0 ^ 
ij^oI jlxII Sj^iiX JJjlU YY LajjJ Lciwllx Ija llj-tAJ lILIj 3 JJJ 11^5 
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^ Xl a 111 q lii SdJj 
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,1 ^ 0-!>ljl 4ja^j jlxi llllc j3_Lal L5jLk lljl^ J 


J^Lolajj ^JLH 


^J^JI cl)-^ Sj^-fl-o 6'3 S 3 J laliu J I 4 \\ jc\ > iZ± i^-i ^ A >uo 

Lg-XX JJ3 A-iiijLjl jl ^ flVjl 4 -lljj 4 . 1 ^^.J jJLo ^jL^JI IjJ tJl^3 

«« 

4 JiLi Jj-LXJ j- 5 -Ij.J 4 _uIj 6^^.(3 ^3^^^ 6jJ 4 J^j| (J <l^iLc. 

jjlj S ^-01A1 i ^3^?^ ^ L^-fl .Sj j w N * x 0 JI313 1 ^ 5 a 1 I j 3 3^ ^ 

^jL^JI oj^-* ^ 4 -lxu 33-^ ^ ^ (J^- J^-*Jl3 J^LiiilJI ^illj 


Ai 




Sjj 


d e>° Ojda L>° '^b ' p >?- Jb' ^ 


• JAaLloI (_jjJI p^aJI (2>® Sj-q 


i^jj^ ■"' “' *J 6La*Litb Sj-it 1 


^J-o ^ 6_>Sd jJa JIaJ (jSlIj 


J? ^ 

pLj-xJI (>Jil ^5 <^3^ Vj UJ 5 d o^fJ Sj^lU £43" 

*C->ljdJI <2>£- p^gJu <3! flj dia Lul 5 j^ * 11 iCiljdil Jx 3-Jcui (ijjLjLll) 

w p 

i ll I pL\j-l£lII £a-* 5 j) ^ q 11 33$ j^jjlJJ 3^-La * iU 1^3 

,Sjjl! <u^Jl pLjj-iaJI^ 4 ^j,/a>^LSLII 
Lo 3X dild <jLfl <J-^d P^jl) (_£^j 4 W.UT* 6j^-i^i pLu ^j£-ol xa ^.IdLoj 
iil^uu 4 -LjL^o 4 dLxfld SI3) L^iU ^33^3^3 ^-1^3! LaS!^ .S^dJI 4 ^-i,u.u 
^ji ^jLluJI dtS^c’jl (j^3 LgJ3=* oIj3j^J^I1 Jj-q 

4 : Jc LgJua d^>lj J^3 CiLj3J3j^!I ^ (j3^J Sl3l!l <jl 3^ 

I^LojlLo I ddC dild-J^ <Jj 3^U iaJLuJI 4 \~wnll jldiLa ^j-uiLLi 4 _iA30 

£xjJjyj\ dS^ ildLxIi-a Sjd J.* 7 k t olj3^^J^3 OI-J3J3jJI 3-0 


s - 


l^J ^33 j-JLj 4 tidu (33^^ ij^d 4 -lxuLujI 4 a v <hn dJLx& <jl dJCJ Lo -^5 


Sjd J£ 3 5d3^3^ 0 U 333331 JIJ ‘uJ 3 ^ 3 ^' ^1 diLxS ^ 

*(JIA 33 d v11 Sjd IdcLo SI 3 J-II 3 OIJ 313 jrJ 1 <Jl 

(3 dd-xJ LoIaj jLlu-q 4 0^2^11 (3 SI3III 3 o 1^333^11 dd£. 

4-XJlIj (^dJI jyg^AJt II 3 J SI 3 IJI 3 CjLj 3 ^3^J^ ddC dd^ \3 iiJdLxSil SjdJI 
t ^ dd 4-cuilj ddJL-ll) 4^1 %,.ii 


3 ddc dd^jj iSjl!) 6 dx 

dd-xJl dlLcu CbljdJI \ dlld3 SjdJI 6dX pLxqju^ 

^ p 

4 fl h^ ^ Idldcl diLad d5 A ^ <JLo oLj3 y^-!^ 3 ddLi3^3 V ?JI <j-o 4-oiij 

j 3 ^ 3 (jl 4jaI 11 3 ^Lj.xJ 1 (jLfl ‘Cj 1433 * 3 - ^ ' ( 3 -° 


I j\jlXjj±a N \ ^ V 4Llau ^1 Iddb ^d 3 XU J^wdl dfl 3 Jsotopes ^jLUdJI ^AnZ 
Cjlj't -. <!»■■> <il!j^ t ((4-miu ^_5dL) d ^ 4JL1JI Jj-q ^LjI 


(_y£L± 1 A> II d 4,,<jifl > ^Jflj)<ft.U ^,xi“u_) 4 fll3r^^ cjb-9^ olj 

(pLuijUI j) Jj^> 3jAt^ J^a^. .j^ll*!] t5jjdl 

.^UiUi 3 4iL Jl \ W\ iLu, 



^ ^ jJ I 








^' 4 '-°* ‘^b Oj-^b *A»b U^JJ^i LT^' 

^b Djbwb ^b oJ^JJt t> 03 ^ 5jj J£i t (Deuterium) 






tlAA 11 cl iaj*\ Lfl-utfl~) ^jj 4 > cl u i*\ 

•* 

bf >&5 '-b*“ ijjlila CiLijjjjjjJb <l£& 2 >J^-b .^jLxJI 

jo*JI ^Li {y> Lu^S 3 Sj-A T * * * jjij! J 11 g -U4.Q.J 


4 ^L15 ^1 SjlU 4 _lKJI iJ^JI a^u Sl^UI J olAij^b ot^^JJ j£JI 

* «* 
t, 

J oLV^jjJl jjn Lq] .4±&JI ^x5j 4.aJc ^11^^ tA jjjlII Ijl^J 
<5^3 ^ (_£jJiJI ^xijJI ^-Amifi <^\zxl*J1 (jXjLi/y^ JJaj (_£jJI iSl^jJI 
L^-jLj s —j 4<jjjJI 4.lTi£J 1 6d3 *^ ^g-^-^Li SjjJI 4jj5^ jjjuLxS &Jl^j Jx. 

(SJ^H (S^ o 3 iJ^\ L>* *>?* 

M " * ‘ " ' ^ ‘ 


^£jji.Sll ^jliijJl Lol t u C jLuajjkL i_r>*C s ^1 (Carbon-12) 

J-c- &b^ J^ <3 ^bibbf- 1 <aju^ J-c. 14 C t 13 C 

JUI 


.(CjD jjdl JC£. SjL>j) 6bill 4 1~^ Sjbj £A j!>UaaJI ^b 1 -* jl J>>>5 

S^r^cj (Z = 50) 43ljj j b>b-* ui^ ^ ‘^® 


•• H « 


J[ (ujbb^ "^) A — 112 ^ ia-jjlll 4-t^JI ^lijl I 4 J Sj> i . jmo 

jo*JI J-c JS^I Jx. Sj O~imH 4 j^jd 1 ‘(uJJ^Jjy Vi) A = 124 

6 jj la-aul lj£. Lo) Jj-c '"*' \j^b' ' ^ O ^ 0 4 tu fl > 

jlI oLjt^lujLoj b CiL >1 cc.Ltuj ^ 

S j&1jA\ jrJX ^UaaJLi ^xLxui^Jt JoLuilJl ifk,LAj-> j .l-^JLU Li-Lfl jjjjlll 

v» 

Hu 4 juujI Loj 4iillj ^Llil 4,.^L S^Iulo Jl ^hJI 

^ Loll cj Ut.n-v j ‘ab 5 ^ Jl J>=^ 


(>=> oljjJjj^Jl Ja Ja L y#-a ‘ 1 -^ljj iajli <Jjj 4 jj ^1 

6jLc| cljj! 5 j^Ljaa j\£. Si(_j^o cAjlajI ( 1 — ^j Si^j) CiLj ^jT'J) ' 1 11 


j\ JJ jJauiiw L^jli 5 j 5.^,11 yX 4 XLu^JI 4 j^j^JI Lol <1 %l^i._vH Lg."i,LU 







IJjjv 4aLo,*J1 ^jC. dJjj 6.jXixiiil^ 4 a^j^II ^-o ^-i£l 


cjIauu^i J^Lkil 1 fl ' > ^jJI ^ I ^LL^-iio^J I ^^aJI 


<_>* i/Tk \ 


* * 



(3 dJj 6iajj . lr> ni^JI 1 Jj^b ^yd Iajaj LflJI 
SljUl UjUl ^ * 4 ->jL*JI 6^jJI j-L^s £_La^ «tfl u>q\ SjjJt ^o 

.SjjJI ^o ^jLmdI 6^-o °N • (£ 1 iy\-LI <Jjo N ° N * Jx ^ <.., flug\fl 


Sl^-kJI I J^Iiin LuLfl It a J^bTu (j ^3 


•S^jJI &>-o 


'°N* jl 


pLuuSJI j\jul& 

^aJI (JjLajijJIjj ^AjLaJI t (3 Q 6 jxlt 4 jLzk-uJ Jjjp 

««* «• 

(Jlc. 4_ljjjr\£J^I 4-il ^ ml! v_jLfl J| l fl iaC *i£j-i Laj ujlj jJI ,*_o Lfl_> 


Lr $i 4 _, «j^-£^ La ))^ 5 jJ «&t^J Lo» Lot LjjLo ^jxiaJ 


£^aU_j ipLuxJ^JI <J jpxult t ja '*■ <Jx1xaJ 1^ <Lg-tuiU 


4 a A.lc ^uuul ^X £>[ iaA 11 *-- LV ^J t4jLijjr^J^I 4 aL^uaU 4a^AJjJl1I oLliiJI 

J .4j ^^^LiJt SjjJI £«J^oa 4jfauiil^4 4^a-ajlj 

LgJ <jl £*o 4 ^Lloj$JI Ifl i^SIjA^ (3 tjA. 4^iL<nxo rxlxaJl 

1 *jj Jj^ j ,/vallaJI 


LoXXj i 4jl1a.^.o 4a^j IjIjjI 
Jjl It ^SUoaJLj ^-o-uj Lc JaC. 4^j Jx^) 4-ijjJI 

^JLLo i JjLcojSII J^l (j^3 (4^oJcxjJlo CilyvX Jx CajI^ 4JjLojl 1I It 

j^oIajlU UJJjr\JI tjJb ^Jcxl jS_9 .ij^J ^Ujt 4 ajLqaJ jLlu-O Jj^£ 

|\ jii t Jj 1 P ^ ~^v A j icuni -. ia^n oij 

* ^ ^ ^ << j- Lu ^u>i j 4 -*-°^ jji jtj 



^ (S^jJI 4 ajj^ ^J! 4a^-Laj ^ it 41 nil tn ^-5 L J 


4j^LuJt d ...\lt ^Jalll 4 xujajj ^St^yo 4 jSLj 5 J-^1j ^uoj ^jl ^Jx 


tjlj nit ^jJI iMsx Born ^ju^Lo »^itj^l <^^Jt 

jLxxu*^) IajI N AAV 4 A.iii jj^j . N ^ V N 4 aau xJLax> 4 jjJ<^aJ 1 pLj^acJJ 

dj^j jISLa! o^-ii LoJjx LJLU *Bresl<iu j'L-oujj 4ju>L^a 


av 



4 v l 


(j oU-ubLj^JI ^j-i .^j-i-xJI <jjiJI o- 0 oljj-uJI (j ijA 


J 


i^LaJ Jacj) pljjfiJ' Jl 


.xljlUl llllla H^jS ^ JJ: J Cro3 .W“\ 4lxo fclj^JI 


4-xal^fw^-,) <4 ja ihaILj jr\.ir±S u_Lju^jI . JJt-i Lo-Lfl Lo^ 4-AjliUI 


Jaj).1^.-11 ^ji^lll (J^^ Q ^ 


4J 


itlLo LULi. 4 j£J <^jLj^_i 4 Sjilj 66 %^Lojuqj 

%• 

1 \.uiLujI 4j^-5lj-xJI CJ^ ^3^ t41 i^ljjJI i^liuJI 4 j^JIjuo 

.oljUJ Ja.lrJI ^LU 

(3 i A^k xA iSjlZk. \ ^ Y Y 4-i_uJ j C->lL^Q C-ul^ 

lei 4 \1 aC JjLlxu 

.^Jl 4j_4=>j 


^c-JjLi Jj JLXJ 4 jlj 11^I pLij-tfiJI 

tLxjlil pL^jI ^yd pLo-lc CilykoLz^ll 6J-fc 

4^111 oLlILclI^I (j-A L^jLxltJol j JaLiJ^Li 0 ^ 9 ^) 3j-*3 o-^-u^l 

UJ>I tlLt (j jj .J p.ji jij ^jU*.^-a)> ^ujL (Sj^-jua 

^jjJI JjA^lJ i^L, Jjl iUiAJ Xcl J 


X*-jj <Cj 

,LxU 




Jj3^ 4 I J-fls LLo^J 


^jjU LuJ^J | J| 1 4^2kJ I tSS olK 1 4jjl^ 111 ^-^5 

La^aj tSjjJI 5ljj ^-iLAj ^ylll Sjja-Q ^jA jj-> Sj£.a C>» m 

•% 

^UcJI ilLk. u^Jii.i* J^l ‘Sl^lJI 6J^J ^JSjJI 

SJL* <jl JlH-ll -1^1 \ 1.4.UJ JJ ,1,1 4«i_uij'iJl 4_1L^J1 Jjli3 ^3JI 

** w 


4iLLJI C->L»ei} ^1 i<h-ifl JIjJI Lol .4.5LLJI 

^jLk. oIj 4^^iliJ Sl^lll (3 4j'ill> LgJ SjaJI J^Lfl cdJjj^ 

%% 

^_a 6) LLiJjjjQ Cjljjj^J^II 6 j-di (2>XJ ^ j j L^_lS Jl-^.^- 1 ^1 J_) ^ Si ^lll 

^l£! jj La^ SjjJI d l^r> ^1 X) 'iJj .^jUJI j SljlJI 

.pL a aUL ji*li ^LU (^^.jjXxqJI) x^Ij Cj3S^\ 

4,3i null (£ Jjlj (Ja QIL 4 a^-lLlUI Z = 3 4 J (^aJI j\r\\x H j 

4j ^x!l JjXaJI (3 ^-OlLxJI Lol II ^_a jJjLloj^JI 

W M ** » W J “ 

4jjLqj JjLiIuj <Z — 11 4j 1 11 ^j) ill 4-ljLa^Q ^y^jLu^k. 

£.4l^o 4 -uLoji cllLiA ^jl Ja 4 jIj J l .\< ^ j Jaj ^ 4(^0 


AA 











Y 

Y 

ujJ^l Y 





O^JJr 1 Y 

Jj^l r 


UJ^JJ? ^ 
"V 


dl-sl^ ^ Sl^Ji^ j^sLIjlJI Ln <•' >' ( _j^j_>_i Jjljj ( J jLa2 J j*v a i : V — £ J*^ "* 

- a jaLU11 .~' 1 >^j*t ■ ■ i a -x I /n cjL^.j J JjIaj 4-fl-ic.l ^ 

<3 JcJLfl (>3 ^! (f^') ^a_LU^ 

t*! U i (^jJI ^j).n till <jLi <UJJlJj <(L^U fl-*kU ^fl.iu.,11 4_=k-jjLll 

( ^a 4_JLU14_^. j x!I (Jj^-2 L^JLo U1^ ^ ioj (j! j_i U cjLi<GUJj 
(oL>j^J[ 4_i_>LaiU ^LUI i_i*^LiJl j_c « %-LL~i.c, » cilLui^ .iiLLUl ^L.o 
wUioJI JlLciJ Lg *^JlLo-C ■ fl-u^J Li’^jLc. (jLfi I J^V Aj 

>51->> 11 ^xjLujI^ Syui-ll 4 ^jLi^lx^J1 


cilc <Ol ^ i{j\ \l^ljjl iSLLdl u,t,n 4-2h.LLo 

(^J^.\ 5JL^ jLlJI j-iiC ^jLikJ I ^^jr^J^ll loAJj ^)l J-i ^ 




4til 



* j-*±4^ Cy* 6^*j^ J -=^ Laoc. ^-1 J^i 

Sj3 J * '% >-> I 4_£j^iaJLi l.fl.t k > ^-ujjjG oLjy^J^l JjLfl 


6 -° L^ILo^o L-L^L Li*^Lc l$J 


^JjL15 £y> 



<LuLcu 


« iSS* » U 3 ij£ s j*^ J £ J *-^3 (oLj^l^l 


t 


j£lLjj>a w-u-j jaJI Ijibj . ^_jLjJI <_fi*^Li_}I 


5jj jq I^a Sj jJI 5 jxj iSl^llLi UaLujI <Jil 

«* 

“^b uj-^l *4-1 

j^i j\. 4uiG ^a . i Aj j5j t «4aIc^jI »._> a <il UII ~N1 ^ 11 ^ ^ ».»*>j 

£* oLjJ^J^JL <ilc.^LJ (^jjlil pJII) ^jjlll cfjjoJI Jjo^JJ 

l (3 >—fl l» » 4 o' 0 iIn L^jL^j 4aIr.^ J' ^ Z ^ Sjlijji 

<.—fl^Li-lI tj oLjjr\£J^!l JJLC jJb pi \ a,>S v.' 1 (3 La (J^v3 A .X* i 

Lf j-ll AuiuSLll ooaJi 3 L^jL IjjJ ■_> * It a ell j Okj La Lol tSjjll 

.(_£j^!I olj^Jl £-o L$_> JcLija 




Sj j 






iL5'Jl*J1 J\ .miu (\a j aj (j^aj <k__fi-i-LJl 


*jJl]Lol >—/*£. S^Lfl 1 4_i aJ 4 _ > ~m 1 ) 




ii 


d\5U L_iSLc.) 4ajLcuL 


d Q > Q -V 11 


* - 


y* cUj J u^j — <^l Jx ^ 

idjljJI S/^-uJl £j\&Aj* J& ^jlliml JpX aSj + ,«JaLuj^l Lujij 


ajx cul^» :ixA^Jl Jx iajliJI j^j * q j ^ij 

^yjil^Jl I JJb 4 J j^J Jxo i J^QdJ 4ojl£ dj jLu^oilj 4-xoSll ,£X 


t - 


4xic^llq * ^ tl^LI I L-*1 d 1 i^J 4 ^ |^xJI ■ 6 1 ^j| J^Xill 


(xtjJLo 


t «.^l 


V 0.»~<JJ Cjtjjll 4-jjJJ^J^ll 

Oja- * J jAjj JljU jAj 


^.VuaaJ Aaoiij vjljjJl t-£j (JtLfljj 4jij^JaJlj pIajoj^JI ^lg_> 

(JjLaj 4_0_>jcLJL> £-0 JcLfijj IjLoii iCjL>J^aJJ 

(j-° ^Aa-lj SjAj i>* oljJ £?jl 

<J£ 0 jj-u2> (J ^(SJ^ 

.iji-Aj S<_$t Cjljj <jj£j X$ ‘Oyj^ c>° 

L^J ^ jj .k iA &jj ‘<1 a 1^1 ^ya 4Lfcj-a 4 _LLuli_u djljLa^i O^L*- 

n^yj^^JLj fiJ^.ljJI» '—I ^ 1 ">at j iA^tj 

CiljjJLfl — Ijljijutul 4jlLall 4 -£l1c-'^M ^jSLj j^C 

l^y j 1 1 (jLajjJi^JJ ^jLijj ',' -v n LodiCj >4 xLum 4 fl lc.I cl) > e\ ^ ((c3 ja > » 


SJjaj Jjuiu Sjj JjtaJj ifljjJcu jla- i -ulft j La^jU 

j\i. jfl-a 1 jjj JjlaJL. t-i'ilx. 4.ifi Lai <( ^ . ll^ i.l) J )1 a1 I <_i'bL*Jl 

^L^JI JcliuJ! J-c ^ij^j t dJj Jj-o o^J*- { *^(3 rt 

* p c5^ C5^ 


.TOv 4 -Eflua JjSlI '->4^ O* 4.i, <aU~^ * 

.ro^ iajuo « 0 p. cir. t 





3j3 


Uu3 4_>^i^ll 4JI 3), ^j^jucJ I Sj j 3^,5-*-* : 1 — £ 


.4 \ ^ nil I £c-li-o3j L^jLL^L* ^Jl 

^-U^clJ 4Jll2lL> 4_a*^Lc j^KJI '^La-ij 

Cj LjI dLuj LcCuj ^ 4jJ Llu 4W nt uJ-mjSLij CjLljjr\^J| 4 u3Loj 4j 
^1 * 131 £uLg CjIj^-Lij t ~ i 1A 3 ^ 11 £_x .,^lJ ^-O-au £_o 1^-xi^-Xj 4 jj) ^ nil I 

«4 ^ uLLoj^II iuj^^-ll ^j-5JI 4lo nA (NaCl) 


^w jLk oLjjjPL^JJi 4lxuj 431^ (3 43 u-u dlilLajj 

<3 4jljjI 4^jl3 ^ 1 3 l 1I J_=*UI *_s^LxJ^ 3^*^ 

JLi-g-U CjIjAJI ^-1.13 nnj *£jli ^ flivVi ijLlJI ei^LiJi 


4xla1 5^31 4,jajI^JI 4jljj 3I A^ 1 j ^LujlLaI 

^-13-^0 <-J % bLi_» {jy*.jjS±A> SjJ fl 333j ;4alojJI &3-fc 3 L^3 jj^JL» 

%• 14 

^Ull v_s'SLiJI 3 ^Sjj 3 ^ dLtLc3j 4(3^-A.lrwlj 3 a3jj^JL> 


Lo I Ji.^^3 IgJ *^3 4 jL» jJ^-> 

3 Lo^ 


. Cj l3jy\^J \ 4^3Loij i3lj \\ l3^-o 

ul : J~Ji Jj^j 


4s -iLs-^) 6^? 

++ 

^Lc v -ujt 53j 3 3-^^ 3 3^^' 3^ <3 ^»jj^H 4-IL^ 

P ^ p 

I4J Sjj 3j^ 11 3 ' 4_uxjLlU Sj>^-ux 1I 33^ {Sj^^ cj^L* 3j 30I5J 

(Lajj j Jji^5 6j>^i 

Ij^lj ULfl^-oj 4juutu L^-fl'iLc 3 ^^^3 SjjJ LoLa3 



Co*- 1 


j .(jjK.lt jA d!j ilLaJI bSA J&) li-jU 

Jl^IliJI Lfiijjo cJjrt_j jaat ,\n ui t5.\>»<o 

4jj'iLc. f-J-o Lu.u‘nL i jj K IIj 'M~v.ft.ci 

«* 

^ C t fr 

Lj^jI Cii-jk u^l jijjjjp^Ti! 1 Sjj c 1 Ll> 41 ua^> 11 ^ 3^3 


33 KJI &3J < 4 _l]LcuJI 4 .\a <nll ^j*o 6X^3 63^3 0jS.Q_> 4 \^ u\ I) 

^ILu^IL (jLi 4<_ >SjLixLI ol\"v inII 3 ! Oll>j <LL1Luj iS^jl 

j*lo) 3 .^ 11 4. irk illII JjLjlLo lEjjA Lj^SLlI (£j^i!Li 1 a a I ._\^ I 



jl ^X^uLfiLi Lol 4-fl.J^i^JI Cj'^JLc.LqIiJI 3 

J3JU33J) (3X3JLJ 0I3J-II (]/-i CjL>3ja^J^L l ijXjliLo 


CjLj^j^LI^LI 4 ia-iA" 1 I 4jsLLJI £jj\ SVil gouj 3 *4aJ3jr\^J^I p^JLLqLs 

4jlLJjJI 4fl,lc^Ll 4 icliaLII Cj^I 5^I Lol tv— 1 ft Jo 4 run i 4-i^^)LiJ1 


L)l x> ^Kll ^>o X ixuil 4-5LLJI cJJAJj) 


Jloj .JjtiJLi £xf* U£ ^j^LIjlJI 1 ^ 44 x 0*1 ^3^3 

JjjLSk 3 j’uatlxJI <_ja 3 j 3 £--03 •<3^3"'° 4 Ls iuI^j £ J3-0J J^Lj JjLs 

v c uu^ > 3^-0 Lx ^J^lli , 1 CjLcI^ji dlLuk c-ui^ N *\ Y Y 4,^-4 .u * 33 ^ 3 ^ 

£Jj^ La ^3 .(AV <Ao ,V 0 <VY AN AY) 4^1 pUjti l«J d*_> 
j\S\\-X 11 33 ^^ 3 I ^jrLfll^ «4^ijLiJI)) ^xLL* II <S J-A u$[ &T\ \ 33 J 

/ i._\^*tll 1 VY 


£-* \XW ill I' ^^li^jjJJ iljLo^o ^J-OJ 

^3 S<^, 3^1 c 


iSjjJJ ^jUlll J-c 4^LLll cj'3^*~* 

4 J ^jl (^AJI iVY ^vzxi-xjl U^LgJl kJLlu^I ^0 

4^s Luj Lo 4iillxLo 



6 Jj 5 > lIxcv 


->3! jij ^ 4 ^ojaiJI 4 -lo^JI 4 j»^JqjII g>3j^ 3-A dlJj (j^ 


OjU <Llijjlj Lo ^l-Loa^. 


IjLo^j idLIj ^03 Cj\j ±in O^Li jj-toC 3 


J^LjI Jx. cjL^y^J^I Cj-a NLilfl 3^1 n 3 -a Lo jl ickLv (3 

^Ij-ClII ^ < 4lLo , !^LI (Jj-oj 4-flJr.l 3 ^ 3 ^^ Sl^j 33 JU 4iiflJ oLojuai^. 







^jjo uu^ IjIj *.(jjG_ILaJI £a-> ^1 ^o 3 -M 3 

4-lLlo ^JjLJj oIjJlI! 6 j^-u^ I ^13^3 CuLfi tCjljLiJ! 

i4juo^jJI ^-ol^c'SL! ^*\jllc ^-ujIuJI ^^SJI pLj^-i-fl ^ til <lLU j^c 

w» 

^jj-SJI ^jja .^il ii iS^HI *L> 3 ^ Lol ^cl^XJI ^ U> •! N^TV 4 o-uj ^fl5L"lj 

4a t5~JI 3 ^- ill I 4 L 0 J 4Jajj-i jjljI Jj ^^ijiJI 

jj^loJ jl Aj-fij ^1 £>wi^J aj Lolx j\.oul> ,4-uL^jJI 

«» ' ** 1 

^LxJ 1 4 iQ \ Cul^ Ij-fc j I Sj^ii 4 jjjL5jo 

Aspect 4l^.]l £-UJ j5j .SjJ&LjcJI 3- 0 5^L^JJI 

Ij-A 4-a^lx. ^vludl ollkLaj ijljj (3 ^jjlujIj 3 

w. p p p 

ijl^C- CjIa-oj-II I ^j~v 4^1 j^iLl-0 jI £-a iJjLaJJI 

JLxJI 3 *L^I 4_Jc ^1 iJUU i^KJl ^ a£JI l^l^t 

M M 1 

.^ijl^^Ji fJlc <_£j-o ^Jfil^Jl 3 v ■ Q V1 (J^ ^3 c^JLfll^JI 


AS l.IiflJLJ I j^iiuJ 4_i^1L11 <(^Lilfl jiil » d-^hyo - 1 \a c-1 va 1 *C II ^JaLujj i I A ilrvlLi Ulj 

l^ul^xi J^LuJl K")) jLoj i^jj-JuaJI ^ill { ^ f jQ oLljj'^jLiJ! ijljjj ^Ljj^vLxJI i-iLg_> ^ Oj^U> 

i^L jjj 4_i£.Ij 4j 1 ^jpJl d“i^^ Linus Pauling ^^a-xJl ^ ^ ^-y j ^jjl ?»JI 

L^k JjLa^. ^yjJi ^jroJpLaJI 3*J-* 3^" ‘C ^A-Slfl ^j^-fll A JIj 

JJlj «.OJAlIl jl^-Ll d. v v i I ^jJI <Gl flj.ilojj iAi.^1 1 l^L,jJI 4 _xjulL ^ 4_tl^_)l ^ ^ 0 £ d \ - ., 4_> 1 -s. > 1 

v fc A >j. 1 . 0.11 p11 a t*c n ^ <^'n 4 li«111^> i^k^Jl ^ ij. 1~\ > Cj JlC. Li.u-.a-) </ ?> i \ Q ■ II jljll 0 _L4)) iSJ^ 

^suLiu'ill ^^jlLL (Horace Judson^ w_ij^x.1 ^ .eLl^J 1 4-tijljjJ 

>,.fl4^SU 4.nflhii.il Jj^aLfiU «^-La> 11 Jj-oLaJI ^^jJ1)> ^ a-^ 111 4_>Ia£ ^ Li^.^j^ajJ1 ^ Ci IaaJ>~vJJ <AaSJl pI hA t*\ 11 

,s_jIj£JI IJlA Jl -h-P £jLL 



^LUI ^LJI 

15LJ15-V® 

f, 

(i.jjjrdl A-il ^-b ^ ^> ^1 aUjai Lai ^IaJI JS» 

WV-\AV> Jj^aJjj Cl^j! 




^jxoLkJI 0 II 




4-la t.Yir> pLljjl/^I pLij_la ^jLii/^l c3 J3i3 ciL^L* £-a 

La^ rk^JI l*\ nl^xa jli ^41^ »,^JI 1^ ijlfLJJ gfl 1W ij % tsz 

' «k 

J^L^-jJlj J? ^ISalili) cL^S J-i-CLi IJ- 1 J ^aJ 

p * p 

^1 £^03 Cj lxix.ai r>A 1 ^q <J^ J^JJ-oj llCU Jjl Jj ^! Pj) ^ji J^o 

Sjj^U^l 1 \ ^ * 0 4 \<o <Li^,) ^ p j) 11 S^-o j^jLxui_ul 

I j^L^.'i! Li o-i-Lx. 

4 * i \ In 11 LoLoj cJ )J-> $-& Q i 

M » ^ M -V 


mr iiu, ^ (j SjiiJi 



d 


-Xi 4-jULflu ^j-i 1 inml ^jL£ ^>3 

5 ill Lufc <J 4 \a-uVi il 4,^1 


P 

^UJj-uj Jjl <3 o^^Liiiil 

** 

£-a L5.no,.o ^ all 4Hfl3-^l 4 \<*nL^Jl J-c ^juL) 

ISLvLxo /j! £^03 * «♦ CjL^ jlI 4^ijlVi.l II ^5 ^*v]I J-C iu^/LU oU.vllI 

JjLfi i I SjjfcLiaJJ /) %1~ /m t il 4 J jljLXl 4 ^u3 \ ^ ^ 4 \ <11 O-ul dS 

*. p 

4 JLxu 4o L^O I ^ Q In 1 A J\£- ^ J_LJ jj Ij^J 

%* 

5 

<jl N<\ N 0 4Xu OA,^l oil)) :^Lfl j KjU^ jlc iJjLall aki jLlk'i • 

s’ 

P 

ui) J-S 3 ... 1 \5 lag o ^.J£. ( j-o ^X-jJI J^C u vVv! Ij cJ^Lill^l ^.JP £-iljl 

% p 

4^xfl yXC ((. pj) iA II 3^.1 j3 4^fl^JLJ P^L iS\\X i 

** " n 

4..^k. 10 Ji^Ji JjJ ajlj ^-^3 iiaLiuj 4„„i 1c.Lij 4-uiiLi ^jc. 


' j-iAll CjLc-i 4 _ljl 5 3 J ifl > 


i _ g SL^aJJ1 4Ernest Solvay ^liJ^. 1^1^ ^IpUUI ii 

M 


XU 


:UJ 


XJJ ^ l Q 1 ^ i.i ,._ 1 l^(U ■ ~,L ) 


^1 


— e- 




^[Al^xu 


_ li J c 

^Li 44 .~l^ JI ^^JjlJL 1 a’v^.o ^jm Sj^>j 

.^l^iAJI Jj^JjLiILi^ jIjjJI ^yiuJj C.i \ ^ JL»1pU_U 1 ^Jj^xo-I 



J Ca \W 


iljLa-ll ^j\ jJju» xk.1 S^xUdJ /^jLlAlLjI iLLua 

%* 

^ semicorpuscular oL^^JI <LuL 4ajJd ^LLidl l$J 

^ N A 4.\^,<j^ 4 N ^ ^ c <Lxxu dl j _ «*v^ d ^ «. L^x p Li jJ 1 


j*> mo \ 


JyixO lil* ^ ^ J i a ^j_y t \ u\ \ \ I Lx j^jjS 


^aj 4jdJ 


da ^j) ls\U od-^il 4->^ld> jLlI^^ ^jJI <^jj)l^Ul da 


Jya frj- Jal l (jl O'- 1 ! 1 lT° g-^ua J I Jj! O- ' oj 


S oLclXui. 


p jiAli 


.1^ 


3 I /j-j l ^ nUJ 1 4xS d^>J ^ dl I Cxfl<3^9 4 N ^ ^ 4.Ln 

** V* ** 

associate d^Ldo jlduL£ jldl *„*^^ jJLijj^ oLc-l 
JjLlI Lode. i^LcdJ ^jJLo olj 5 j)1ci.2^j ^LS <3 professor 

oli^S^I Jlo Cj i.^a.iU^JJ <( • /tV 1 I* 9Lkj 4 l^ka\ 11 LjjIjUL Sj-G 

JJ ^jJl 4 4 l^C w, M<] I 1^ v ll^. vl I /f d Us Q 4 )\ J<L,U ^X AiiiAJ 

w ** ’ 

f- 

LgJ V pLa-oj^M JJ^>3 ^j\ lj£.La loI^II daj ^jC. JjuJI ij^ 

{(^jij 4 jI» : \ ^ ^ du j^lddul JL5 ds ^ *4a wu^ll iald* l uii* 


( 2^-oj c-j) i<r\ 11 4jjirxlj 1 \ m 4_jjdiaJI pL>j-lCl 1I j^id <3 ^jLflJI j^-Ldl » 

. ((dl X irtlj oUw^il id 0 lx j\ mil 

4_>jJd ^_d 3 S^vulxo Ca-fl^l dJj 3 ^>^1^ ^JiixaJI 1j-X 


6 Jj ..l^V 11 i 1 ^-J^LllJlJI ^j^-flJI dj LLLj^ClX ^^^9 4 4^kJ. 1^11 11 

Principle of Complementarity ((iJxdill ]±±*)> ^ 

Jjudaja 6JX (j) pi o.Aag 11^ oL^^il ^1 Jx ^d_i 

** «* 

P P t 

(Jjjj^ ‘cUaIacJ La^Io ^1 


.A. Pais_I «v_j^jJI ^jjL^w ^ya 3j^k-Lc ^ lajili Ij-a Ji 






((uUi^» SSlia Jl i^LJI 3 Iju± dJj JlX^-D ^ i J^UJI JLajU 


.4a^1I j\ LfcJJjj J^J^Lqj p jiJr\W 

3 jUJI 11 d)^ JUJI 3j <4 jLL a j) % ' a ^>lT\ iVi >) JLa Jjl Jjuj 

jlx. <<LqLjiJI 4.Li mjJI £jj-Lkj 4jufl J^-L^ ^J-ll 4.<ilQj 3 ^Jl 


^-uoJ I ^ I ^j)j) lr?> i 4 llxa 3 cl> ^ ^ ^ ^ ^ 4 ^-uj i > I ic Lqa 3 J. 


SjJ 6j^u3 u**^ p <3 Lc£ *4 _ijL»-^ s^\ &jt£il OJL£-Llu JlSj i^ul^Jlj 

<Jl>ljl (n% II fcjjfc ul 5 ^ iJ^-uj^l j* rn^JI ^Lxxu^l cdj*SLj > 4 £j\ 


^Ixli obLu^JI SjLII 3J. (cJ^^-j 4-l^^ 


4^^^Jjuxi dUJ^ ^1 ^Lx^jj^II SjUJ L^j ^j^T\ aT\ ^JxJI 4jLjjJqJL> J^ltlu 

• hv / C 4 \ a*N ^ 4juo /lV ^Lxxu^ll ^julj^ 3^ ^)1 

4 a \ ix>JI olawj'iJl 


0^ <3^ J! ^^ Lj l ^ £*j£j 

^1 CjI^) J <jl Lo£^ «4*jj^l 4 ^jj^JI * 0 4jk <n CjjJuus ^HJ! 

** 

ciL)j£ <Cj1jjJI j 4 QjQ ~v 1 ^LSllI 


6 JjkLuxa ^3 A mdj O IjjJt Jj-uo^l Jl ^Lxxlj| ((CjLoJ 


/CLldUA )) 


■_ x 1 fti 4 4 pjli^JI pi ilftC iS^wuLxo ljLu^a 1 lj) d)lj JlU 4 _u^ 14 ^^J 1 
JlLo 1 11 J^JjlolJ 1 ^ <>>LlA t ^^w<u ^jJI 4 iM 3 

^.\ >1 l qz* j^ju 4 i^l^s_^SI 6 J-A Cijl^ i jLxJI irJu^ 

w •* 

♦ 4 va*\ ) Loj^J^ 3° ^IxJ I 


A /tt-v 



4-xul 


411 


aw 4 -l^) 4.ut.Q j yu 


^Lxuil d)j AUU^ J^JtXoj 

f- 


^ 4iLkJI .lj^ 4 lr?yi Ui v 4i,^ <U^UJt 4 \ \ /ii\l 1 ^j_a 6^vuLxq 

ifjklll j ; n J ..i ? ll (m) Oj^J! (p) ( J >^ 3**s) j^-jJlj 


! 4 Ui \ ^ 11 V H iJjlxiL 4 1 JuloI 


r.9 2 4, 2 ? 

E- = me + /9^c^ 


iJjLxll 6j-<^ 3 ^ Cj3^~ lu L^J I c-i^\ 11 4 ^jl Jjui 


: 3 i S/^Lw 



4 Q C.) ?k II 


^ [j-ni-Ll I ^j\ SLaUa jA^I J JLXJ JjSj p = E/C ».lo..UU I SjJjuA) jl 
j^jaL ^-i-xlui <Gii>J ^AaJI <lLlj <J 6^ ‘<-^ Ji J^uAiJ Cjl5^JI ^ 
MlLlj £aj tioLiJj^n Lufc Jl JaoJj J^.'xajj ,4aLjl11 4j.> null Jja 
^^51 4JL*J1 Jjt.^ 4 u-lxujJI 4_iji=ilJlj <-uLu3^^I £^5j-!I 3° JjLi 

‘A 7 -E/c J pLua^.^11 <j| ‘l£>^ 7=^ 4 -$-?\s a^j) -'3y^ 

L^J P j).j A.11 olx\..i-i,.urv ^j\ ciUq £j-l.uj\ jl 4 \\ .ojljJI 4-ljL*JJ ^L> £i,jJI iJVvci \ 

j-AjuaIJ 4_>^LiiJ-o ^jj^uu 4-Jj^ 

Pj) J^ll Lij|j£ <jL> 4-LAiiu Jyl j m\ \\ £AJjl (jjjJI n ^-& Oa.JI Ijjfc 

43ja 4 a^i my JlC a Jj Jj)) jfl-Lvj P^I> 

^ j Gilbert Lewis qj^La 

** ** *•»’**** "* ** * * 

JjLC- ^)AaIaJ| ^L&J^-CU ^A-)Ja J-XJ ^JfriJtJ1 4 JlJ ^jjQ 1^3^ 

3^ <G_uj ((oG^j^aJI^ » 3 ^ 3 ^ q 


toUjj^£JL> 3^1 


u? 


A-U-L 


l£U:l 


l^j-xu Qu<< 1 jA^I i. i 1L\ 1 Jj3^ > |X i 1 1 I - H* ^ \ 5 \ I 

ao 4„S.,.v. 5rv ,Lc. J.aaJI JaiLs t-JuLia 


^1 c5^' 


.Arthur Compton ±*^L j*j ur^A^' 

%* *• 

qLxaLa 6^1£. J J-clC Jj3^ 4juuj \ja X ix-4juL> JaC 

_ >jl J.H 4 j Ml! /II <J jlS jiJ tljr\ 1 ^ \L> ^jLjtJufll^ Ja-AA (3^9 4,1^ >ja! 

<2a-> 3 ^ J[ J! oGlij^ic 4 _jI j-i J 

La J^iiu X 4 jlal»! Li I L* Q ^ 6juiiiG 3^-^^ CjLj^^ J X 4jlJuI 




^~vH 4ij^J^JI gJLxj 4-\ ixiLuj^ll ^jjL^-JI ChuI^ — CjLaj 


41ui 


^ll\ 4ij^LJ1 — aJ a t /m-v !I 4.A..L ^1 — 4-La-tuljj X 4 _jlJuI L^_i 

LaJj-A-A jK,iAJ IaJ-1c 3 , 37 ^^^^ 

J£-LxL»^ 4_la^^ Lqj^ 3^9 4.5 Ua < 11 ^ ) ^ 4ju S u1 


4aa^ ^ Laa^^ 4.5 Lia -7 5 q % 0 4 /11 q \ La I .J-iLuJI 6 ^)Lxlla 4_j 

pGj-LqJ 4,lo, i-u.uJI ^/-jljJLlI 3h° Ifl-iLiJL^ 3^°^ 4 -£l1jl^a 4_j jlj^j J£.Lxj-»^ 

44HjLj 6^^ JlC jJjLJLJI ^ulj ^jLugjJI Lub 4J nU J .qLa.Jlu.iA 



Cj Ljj jr\f£J^ ij 


ilLv . U i J Lj 1^-<u&j 4_£-j^-L^J Lj ( 4,\^ ^ 1 J 1 Cj 

^njI /tV jlc5-AJ ^IxTu)! 1 JJjJ ^Ixj iSllsJ! JjiLa ^li 

j*-^iJ' J1 J-i^llJ (Ji 

P P ^ 

(J-i-ljjJI <jl C_i-iu^l 6J-A (Jjft bQLoJu£^g .ijjj^lJJ (JaISLII 


4 Cj-a-lojl 




j ^cr?^ ^ u' 2r° a$J^^ JaIjIj 
«* ^ 

yvjlij I S^j^LlckJI 6 JlA ^--qlxu3^ ./iv Lg.IsLL 

k V V 4 -S-uj ^^!Lua^J ts\-%- 


S&j *.£>U^I 6 J-A J-c ^JjS j-*^ (J-^- V 

(dj^J 5 4 ja^| 4-51 11 CjI a i »r 


u** ■ 

Cj Lq-lujl 




*7 „ 

r* 


4 -x-a^j iSLkJI CjIa ua^ CjL)I <jl 4 .flaQ Cjj-^Liou 

wi^-J 5 J^-A 6 jr\_flJ Scuulj J-a^Lj <jl J-C-) ^^YY 4 jl^jj JJLj 

4 . . x. X n 4 4 - 1.1 1 ^ *- 


lA 


<jl^9 t^^ubJJ 6J,\% 4 jj-L^j 


cj^ f4i , ^ uiii - > 

w ^ 

£ 4^^il > J it~\ 4.Xi-i-AJU^ 11 cdbuDJ {jA 


.^6jJlU 4-Zk. J^o-j (3 4 i aaA lII CjL^^il 4^j^io,\l ^u-flLxA^ oLo-i-tu-^Jl 4 j^)JclJ 

^ — *T 

JU Lo£j .uJ-aj^ JjS 4 l^^ll 4 3i i lKJl ^/_4>ljdl J£ (jl J^- 

^^uLujI Laa'i^^ (^Clj^-Lkj dtlA ^jLs dJju^» ^*\Y1 4 Xuj ^->Ljuiiujl 

.((4 i&IVua 4_lcul^ (£ 1 d-j ... 4i£. ^ic ^ 

4-j Cj^J)Jc> \ I Leu'll 11 ^j-uLfc £/U JaL^Jji^l tj£. <7 i jl5^ 

CjI ^ ^ J-C CjJ^-J I (jl^j i4jJljJl 4 -o^-a^II Cj tj)\ mil ISLuK^ia 

^J 5c>j~wll cL5l h&i I ^ cjjI^^ t4«uiiLj c^^JI £ SjjjcLo^ 4_aJlLk ^ 

j .SCjC^JI ifl.11 pLuJ 1 (j J| 4^.L^J1 ^ 

(3 4-ujjCLJ jdxJI Luj^J I ^J^ijJI (JjL^I ^jl sS)l L 4£auLaILc 4-uCl5J I 

^j^lill 4 n "v \ 11 <XjuJ2>j$\ jljcl^ JJjJ ijJ^il ^gjid) 
c5 ojI^ di^9 ^<3^Jl l^-ijl^j-A iqj <j-txjLlll 

C>Llxa-u^I1j l— fl jr^cl JjS jdj i a Loll 6C& jiQ^j dl^jl jj) In Vi clci 


j^ilIj 4_aiiij j mfi «oj>^. i<g> 3 ^ » (Peter Debye) ^Lljj ^Lu ^jJa-Jl ^JL*JI l-uua 

^^^1 JuA CJ^ ilLSJlJ 6-Ub <LiiI jjI jj .5 jIaJ] jl ^jAJjl ^jjl 4ju^_j 



<y- 


4jl J^L . I K ^ -V ~" ^Jl l^ul^-LO oljj Lq JoC 4 -»-jl. I j d n ' /.1-JI 4 1 -V 1J J j I 
4 * >»U1I l qI,x.~<I j_jl_> 4_Jli]| 11 ^Lfl 4_i^ta.\ 1 ^ a U*>r> i a(_^l 3 

.SjLoJJ 4jj=k !j j I 4 * nKII u_fiLai3^1 jjl 'i! P^ u aJJ 4 jj^,IjJj^I 


LOlliS (J-laj 4^ajj5 lJLj.ii 1 I J-& In 

[\\<^\j .Sjlil Jac i3 u 4 ^Li *(in 4 jI ^-^3 .de Broglie 

p 

^ IjLclU <Cj1.aj 411 . 7 * II (JlLo (ill <nl cj^lAll uL> 3Q ljl» • JxIaj ^-£>3 


* p 


<j^J| Ijjb Jai: i((SoL^jLI (JlLo j-tAil dll<nl 

< ^-LJ1 4_1^) 1^ 1 ^>n iiijjQ C> -^' 3 ^ 3^^ fj ^ I ^aA 

i^xL^jk j ja. 4 a. II CjjL£ s3^s5 .^ ^Y^ 4 14 u S^jL^* Jx. J a/ ^^ ***> 

X 4jcluL> 4..^j.i,.Ji oLixa^j OJjj J-flJl <j^j3 4.x\ ifl LgJ 11 4_flLj 

Lodic 4 \ ^ \ Y 4-Ltu (Jjft'ill JlC uIj! 2V >1 ^Jx. AiLjLlu 4_L>^-L> SyLfl JtXG 

Jx J-uaL>. >^S/I 3 ^j) W. H. Bragg ^Ijj ^ K a l l JU 

^5 j-u Loxfi aK-ulII ell j (J X 4jLxul pLl^Lfi ilU JjX 

6J^I^ Ajjiaj i_aLllu£I j *X AjcluI ^C. (jro jl. m V^ll 

5^-fi J^LiJ jL=^i U^J v^Laal^l j-c S^jill LgJ 

CjL^-^o dJ^Laj AjJla^ l 0 Ij iL-ii^Lj L^LsfcJLauaj 4-a.jll j 4 *\\ m^H 


4 J 4 Cj 1^3-11 Sj-aLJllq 1 ^ j U> i*i l^j I L^_/uLo3 46 j 111 


2 

I^aII <<i*i K_jLii j^xAj> 5C Sj>Xo 

4_>j 4 Luu^^j Ijjljj-Lfi ^Maurice j^Sll 


Jjl jju> Lcio-fl ^uj^J Jli Jjfl^j ' \jJb 43lj>U^ jlij 


it 


axau. 


^J^ll CjLo-uJI 4 fl ifl 4 _laaI» djLui-flLllI 4j I jlS 

p ^ 

U^3 ‘Sj^iJI 6JX ob' U^ ^ «.Lfcjl£>} (JJ^ C>U.jIIj 

p ^ 

LqJo^ 4CiS^Jl dJJj «jl^Jl (J 6 Jj-^3 » Uaj)l^-wx> {Jjj^j 


,yooL» ^j^jSLI a^SJI l^kJl ^ A j(3 Q ^ Sjj^Lo oLaLi^ 





jjj laj) pLjxaJI L jij JI ^Uwk^JI 5 j-ijux 


p- 


C£ J >> u 


I 



»4juujJoJI 4xS^JI ^ a \\ Juft a^LUL <(4 j^1tVJI cL>j ^a\\ 


5^1 xJUu ^A<\Y ilui jJj 

C.1^ ^ ^ ^ • 4j-uj (3 4jcoL^JLj JtwjII LojJx 4.i5kJ < 4 _xj J-LI 4>oJukJJ 

w( 

fJL*JI ^j 5>^ i^JI 151 iji^xo 4^j Jx^ 4 ^ ^ixJL ^LalA^t 31 4,mx 

Jx (J-l^a ^jjJI ^ lx lx J^ix 4 A xua > 4X0 6^^ I lu^a* 4j 4 ^"q ^31 


^ 1 nL> J-flJLjl jl-V^l ^tU^iJ Jxlj 4J^^5 * N ^ * A 4 "l nl &l^)j£^jJ1 

c 

(^A-olx JJLJ .^-OjJpJ IxflJ fj\ ini* II x^.1 4ix^J ^jjLiJ^au 


4 /ii-i I I 4 j 0 J^k.1! 


* * 


\ i j \ o 11 


4lx 


JJJxol L^l (Sj’UuxS 


,Sll iJUJI ^ y>JI 


Jx 4xwjlj J 3 4-i^Ii )^ j 11 4 ^ lA i 4 -ujI^jJ jlc^ I JlXJ Ja j} 1 ^ .11 

j^Loxui^JI 6X*.j 4iLiu^l Jl 4-J ^jjJpuu ^iJt Jaj)KAJ1 

** ** *« 

^Ju Loxx ^ ^ YY 4lui ^pUkxJI jijfllII cIa xbjj I 3 

Cx3laj£ 4xlojjxJ1 41^11 3 p^-ucJI Lui^£ 4 >» i i U 4xoix c/jlcLo 


3 ^><3 io> i>L^-j^ll 6 j^J 4^^'^Lua^Lo o^j Comptes Rendus 
.N*\Y1 JaLJu/^jlj^i 3 Philosophical Magazine LiuJill iLJJ 

3 <3IxfcJi 3 lx (JZ^ 3^ ^1 ‘^^^X I^jI 6 j\ jun&ll S^jlliJI 6X& illjrL* 

p p 

Jflx XJ^j • 4 UUj 3 4-jJ^o.ii* ji£l Sj^jua 3 ^Siij 

3 4JUJI Cj/uu^ N^Y£ ^jliJI ^i^jLU/3 <3 4jlaJLol 

.Annales de Physique ^LJ^» j t^Yo ii*** Jjljt 


^Jlo3 ja^I 1 x^ 1 ^ cUiiu ^.luoj 4jL^jI Sj^jud 3 4 JU 3 I 

oLix>^/%ix) ^jill ^j-° iixllxH jxjlJI 3 ^ 

Lljl^SJ ^jjhAini l-o() ml ^joJJI 4 x1Lluj 3-* 3^i iS^ ^ 

!p j^i^ll 


E = hv; 


p = hv/c 



J 4 ^ fl I 


iSLLdl) CjI ^ \ <ii%It jl «^aAAA » ^AJI ul 


j^x 


jg lAA ^gJjLxII AdL^ Jj 

Jl (( l yiiJJ» ^AJI c ^LxdJI ijLuJI f^'j 


Sj-c — jL>^i ^ ^jdAJI J-uj^s ^ilj dj jl od^il 

i ^ ^ ^ t ^ p 

ajus^i ji U^b J-s ^! <4 a ui w jl 4 j^j-o Pjfr^ 11 — Jj^Jl 


4*oj- 


u! 


Lqj5jIja[ jixA d° (J^ 1 ^A, 

dJA £-<03 <fc ^J^JI jjt ° M> A 4 u^nl-A. ii^XA i w illnTu t4*xd) ^^.jJI 

(| J flA * 11 /'wO ,\td jJLfl toLiojai-JI Lc -U5_o ,AddA 


IwXC La_i_S <dj) 1 ai.J I 4A / n~* 4 m In CjI.^j m% oL^jjr\^J^jl ^jl d° 

dj .SjAJI Jdl j Sj-laIlLI iSLL^JI cjL»j^A urn L 4 J JJLmj ^AJI 4 ^ujJlJI 4ijjJ-JI 

%• 

fr % ^ ^ c- 

a.UjL «oijlj^» j jjl»jj^£J)il j^j 4 fljS^ <j' ^ a^e 

' ** ’” M 

(3 JJSj <4 v^w^q 4-iiy^ Id Lo 4AL>^lckjj dJA£ 4^> mj ^ d>Q ) 4 n. in. ir\ 

d ^4-Lold^ 4^ju2t-u£> LoU^i J^a-idaj ^AJI 6JL±^jJI ^j|)> :411Luj 

gAa Jx ^ jtLEjj tij A-iAJJ ijjLxJI (JjLuij^I JdljA-> 4„5,.1 h A 11 <dlA pLj^-lcJ I 

■ d 1~S 1 ill > 1 1 1 ^ kgL I A 4 


<(. 


dJA£ 


^jl Ju 1 flA^J <oLa. i.i.n.n 


d xA d I ^LdAJI 4-Lal xix \ \ <(4_>Jl>AU ijjLxJI d Lcuj^ » 

s_ j A_> Ja_> ^jl I 4-j^j-)l <3 O^-Judl 4 _>-^q j! JjLcdJ I 

J^i4>j d v Q V J d-Ada 6 LA^Ad 4^fl (_jAJI ni 1L dlLo 6j^fl i JjjduQ 

IAAjjlLo * 3^^ \ -<ii o jp I ^ ' ** * Ani IAI j /i q I ^v 11 j ^UdJ IAAjAj 



4Ad 4_» AjAJI d° I» lAifcj idLidldl oASjj 4-ujlAj 

L^J^Jss idxjub 4 j^^ 1 I 4JdJI ,4j^ dd° 

3^ CjLAjAJI d° ^ajltCCi <4dljJI 4JUJI J 

<V iY iN) Lculj Jl^-la^ 4^ 4<n ^liixLdc 


d q^AJI 4 \k> 11 oljjjdl C->IA Adx jAa^ 4 (ldx>j <i 

SjAJI d cjlAjjrdJ^il Lg-Lfl d-^dA ^AJI 4dj^Jdl 4 q >3-^11 <3 dJA 4jduj 
^5A a\<\ dj d° it i t 4 Y i\ 4-ud i5Uo oLjA mr> sdJL>. 



Cj Lj J jr\£J ^ \ J Cj Lj I 


<(jlj-o)) i Js^ 4-ujiu ^JlIj i 3a l3-*j lJ^-^ 

t ^ 

LfllcLuO-O lci-l.^.1' JJ)lo Jjl Jo^J1 (J^O> 5^)-fl-J n» O 


H ’ ***» 

^SLU 


Xx2 


Afl u\Q\ £_o I> \W xu 4 IL>Ij 3^^-* (jLi 


**1 ,\l 4*xxJ 


JjLij O-X^j iSjAJI <3 iSUoJI o'JL^ 4 a\ & 31 j ^xiiu ^1^-3 .4 j^JIj 
{ Jjc. Sjjjx. 4^15 oL^-xj-iiu ^JlLoj S(j/jua jjjj 4 J 4-lL=* 

Sj^JjuoJI - SjjiJ 4-1 jIjj i A i qJI JlLo^ <4_fl_liLoJ1 3 — S^)J 

- +SLW ^JLaJ Jja q I ^^ 0 iJjU^o 3 c^acLx Lg. 4 ^ 1 i4.Q \5^ II 3 £ * 3jjla-j 


oLx^-c 


3I £ jrLfll <CjLq.j xllxJJ 4ifl|^o Lg/j I 3-^ 3 3^* 

tLg_j 4-Jo-UjJJ 4 ^.^11 L^JLjj-Io 3 L& 4JuiLxJI 3 Jj-° 4 ^cu-ixlx 

^ ^ ^ ^ 

3^ox^j ^£aJI i Pj^.jucJI illj^ 1 uj I 5 vQ s j) l \ 1,l.i^O-Qj LxuoLj^) Lfl-^J cLxjlxxJI 

p 

3j>\^:iolI cl j-5j) *oLo-i-ui^J 1^ oL^^il 3-° l£ ' ^ 1.,^j 3-° 3^3-^ 

^ 1 jrLfl'J I l^gjSfV is~\ \ p Q 3J 4 4_uolj jJL) 4 JL 1 JUJ ' J) ' ^ ^ ^ 3"**"^ 

3 J^° tJ^L£ ut^* <jL 

*• «* 

•• p p 

4^^^j 3<-^lI 3^ 3^ Ij[ Loc 3^ vI jj^l Jl-xu Loj-Vcj <liL1j 

J^-uojJI 3^.oII 3^ 3^9^ 3!^^ 4 jLj ^>U.I tSjlil uL^^o u 3 Ju^Jj 

3^ SjjL^oJI CjLj 3^ ^LjLxu Jjjx 4 lo /1) l^j 4-j j) 1 iol I Cj'lA -^1 a.i.ll 

< jxuJ^ 33-^-^I 3"° s5^^ Q 30 P^-ubJI LoLoj 4 -}^^ aJ' 4„,i nnj 

^UoILilj SjcLlaII oljjJI 3 -a olj)>^H 3I 3^ ^3-^1 3-^-^ jj^-q 

J j) ^ 3 14 xujjl I 4 j li^J 1 4 ifl Uj d Q v i A « I» 3^ 4 ^^Joj_c 5^) ^ LJ I 3 

jl iAJIj 4 j^)LLo SjtvjLuo CjL^^-o JI^JoI) JJyvJI 4Jlc 

.(X 4jLxut_> 





4-jI <<ic. iZ^.x j J^Jo ^.La j 

s ^ 

Ip*. 4 ]r\\ ui \ll <J<£j)juq.ll pLaxm^aJ ^jjIauili >1 

•* 

jj jrULs i^.^11 J^Jo ifl^Lc. ^jl LULLS ^plJI ip — hv/c 

*+ *m 

4^.^1I uj\Aj S^vuLwq 4JlL (g\ ip A — /l dllj jli i\ — C / V 

** *» 

i^^ll LaKj •dL'bLj cuIj 2 ^^ (^j-^ d 

I 4 J pLi^jr\^J^l!l dlj < jA^I 4..A l-AAl^k. 11 4,txi^ ) cJ^ 

iij^Jtll oLoj^ujl^JI J&\ ij\ X 4_ia\^ ^- 2*3 J 111 Lj S^/nJLlo 4t£ 
^1 jl t J^u^IL c ^_i_a' I 5JU. <3 -((pL^jlL lj i< n» 

jJLudI <3-° *C^11 P _/\-C Ijl Jaifl yuLi lr> \ t jajJI ^cJa^uj Jx 

ly\ * t .1 S3 dUj (jLi plij^J))! pL*jl 4 \ <n\lLi^ <LgJ^Jo 

J oljjJI Ca^ j 

U> jh-oxLfljk pl^ullll ^jl (jjJ 4.a1jo 3 ^ Lo Lol 

"* ** «k ^ “ ** “ 

p^pLILiJul Lope pJa^^J d£ pLjjj^J^I JjJplj U Jox$l 

^LuLi^-i-fi ^LS jq ft .^^^ 1 4JLuj p-o pl^^-LJI jLlVj pLijj^J^l 3 -° 4jtJul 

3 JjLii3 4L^Jj Clinton Davisson ^j^iilj ^VxiK Ua 

pLjjJi^J^LI dljluJI Ijx 4^aj|jp Charles Kunsman j^lxy 

^ ^oJI p5j^l J >^YV ^YY ^U5l pljjJJI ^Ul 

** » «* 

pl ^W vj*^ 1 l? j Jj^ Jfj^e (5 J ^ 

(J^u^l tljjSlI fijji jjj .dUj lj^-* 4 tu^>jAl ^1 


4^u\ Paul Langevin c^->^ J^e J^j^ 1 ^ L * u j ^ 

4 K-h. Jj^-o ^JS <ab*.la rtll <L^-ii (_fjjl (jjLLtajal (J| <±jL^JSll 
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^ £ £ p. 

d5^j .<uLp 0 ^ 9 ^ jI Sjlll pL>.j^ I (L^jL!uj ^1 4^u^Lij 

cjl^ <3 UJs3^ Jl ^i i^SlI 6 Jj^ JLojjLj 

Jx. jic James Franck dh^>£ ^yu^jA 4jjj^^jJI ^ ***& ^yu!jj 

* t* ^ 

• jrollJI jjaj JjLflJlj ^ujl jil)> :^bijL5 3 j> <|LI ^^ <-j jL^3 
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^j^uUfilj (jl£ 


-LA ill > jJjluJ^J U_SAflJ ^IjJI oljjJI 4_jjj (3 (jftS-l 4.1 Lxu Q~\ mill 


Walter Elsasser jr^LJI >Jij S*j A$**&:■> cjLijj^J^I 4»^U 
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SjU.^1 6Ag-i l^^ptxj ^J U* * * 1 j ^" 11 ^jl *iJ] A^YO 4 \ 111 CjLj^j^J^n CjL^^J-o 

._JUo d U ,"lj > j.. tl CjIaILj^ < y ij Wt I1 Axl d U ...lj ' ^ULlj jrUtuXLlJ 

JjJj A*\YO il^u CaJj OjxSi 



f4i SjSLi Cilia 4_ijLo oLa-J-0 uLfl *^>^3 

4-la-ujl^J C»Lijj^J^!I CiLa-^o jl >~OJ 4^k 111 5jj^<iJL» 

Erwin Schrodinger ca^S 1 ujU3 


(■ m _ 


Jj^5 jj jl£xl 4Arv SjjJI pLjaJ Sj->Juz^ 4-jjiij Kiag 

^jl Ci-u <N^YV <Gutu i^jj( ^kHJI Lq 


dui^ U£ ijj^JuJI 4 <LlAJI d Un . \ \ -v~ o Lj^gjrlSLj Li t^Li ■__* lj * ^ Jx 

tJT< i I 5*1 IMA ju^JAXO d Us X ■, lj % dll J I C 1 d5^ 4 C-> L^i I JlfLil ill 

Lester Germer >^-=* ^ J^jj ^^u-iilj iN^YV 

6Jj o . l“j .£ .£ ^jI) ^jjiiXk^la *6 Axil I olaij-H <j 

I^UM j u^Ujo li(£ ,vcl)l Alexander Reid u, jolxuUl oUJil j 


IJjAxo J^ua^xJI Ji 4Xuaji ^5j .6 JjA>. 4.> iflTt ^jyiAi. 


A A.U-0 


^ ^ VV 4.i uJ SjiiLs* (J 

Leu 1 (3 fl^- luGuJI CjGLuo-zw J *£" * 4j^ dlljj 4.1 gLutulI 4 Jxau1jJ ^jC* 



v q 1. ^ <4-aulj 4 i^k tjlj 4Jaj)^k 1^ diij lliioOLJj 

• |^J1 4_>^)1^l J 4 \ luLmSjl pLouiJI jj£ 4JJu 


Xxoj 
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jl CtxM 4 j^1 SJjU. Jx ^jj).iitx^jQ ^ * *\ 4 -Luj 


6^jL> Jlc 4juI J <vvi ‘ n - > a X 4 itUbj ^ j A* ^ ^ TV 4 i lo^g (CjIalua^ 

Jx \ m S)l\ d5^j .ul>^3 CjG^jrv^J^n ^1 Ci,u 1 4j^ 

oGjjr^J^llj tplAUa> ^(j^j^LaJI Jjl HU Gl^j 

4x^ljJjl Jx d i * II iljSll O-^-uxI ^^YA AIjlu ^jpA IpdJ^ .uL>-^q 
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I O L a JlAAA A 31 Jj2kN^ Jj2 ^ t 4_iX LLJ I d i> \ /n-v 11 j 4-2fc^i I J_i 


.jj^JI 3 ^ i?\\\ Ij^a JLjJL) cdlTuoj j? 1 *1 jj? 3 ^L?v?J 1 cUj 

U3JI 3 ^ < LL. ul L. ij pI^j^Li 4^5Tony Klein 3 jV ^> 3 * ^LS 35^ 


3^j>jL LxaL^. (3 3 ^-^-^ oLLjjLoI>^ t ^il 1 \\ * Mti 3 

c^juoJJ cjL^.^11 L)^_Lo q,.ui^I ^3JI 4_^j,in^iLJI ^UJI ^j^jlj L^-la l^jlcl 
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^L * i u 3^ cjL 1 3-' 0 ^ \ % ut ^IjjkS-LuL 3^ ^Lc ^—uuljJi 3^-Lll (3 
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^udUI X-C 4 * j h fl 
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-J 4jl 3 ^° ^fl ^k a 11 a-q I pLj-lLII x-q 41a KJI 4 * iKi II p^_: 


((CjL^i. 1 )) «d a, a 11 j) 3 ^ 3 ^ JLLs oL^jrUJ'iJI^ oLyj^flJI 
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o jfc* 3~^ Lo > oLc\ \ nirJ I j cjI ^ ^Js I 3 ^° L> ^ da '5^ 11 3 

3^-J .^1 ^1 <^Lj-o LIU j -L-lUJI Jx. ^-i-U 4 a.u.u?^ 


4 a io II 4 \x\Q a L$J ^-o if ?A — h LS^LaJJ LLu 1*1 H\^ 4 v"v^11 4 .a.i,uJI 0 JI 3 U 
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4ax u J^ 4 w ^ll La. mil O \<IJl^> 6y\ i t/Ti II cl \ /T^l ^jJLc 3 Lol 


■A3 it I^Si 


31 3^ A J ^LH 4jLj^LJL 


p I v <7> ^ I 3 ^ *£-5 I^JI (3 ^ fl JI1 Q * 4 vaA^ I 


4lfilj 3j^_u<o ^a ^ya^l .4 xq^jJ1 SIjaJI ^Jlc 3 Lj jy=^ 3-^ 

j 5 a <3 ^>ujJ j t4xSl^ is~\W 3^J ioL^jrUJ^L! «L^_il^)ljucij)) S^jJ 


ZjltoljjJI Jul j cjJl^j La 3-^ L^a^ 4jLAij jL^j| 


^T P^ iCjljDI Jlp 4 


XUJ 


iLi^kj L-iijII Arthur Eddington 3jia3jjl JijT ^ ^ 

The Nature of the Physical ^LjjiJl JUII L^L j i 


4 3 ^.a j j^jucu ^_j ^» :JU jifl 4 -L-u jj-iiilll world 


j-c. 3*=l^ ^jill James Chadwick a.jjL^ \UV ^ J 3 I 4^c . ^jji * 
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. j ^ j) < >i _ifl lj oU^iL i_fi!^^oLc. Jy ^1 1N \ X & 4 _i^« iiliJJ 4 -k i\\ 

)) J l A~iI J_C J-ajlJI ^_)Ja3 I j 4_xjli^a[ aJA clieG "1 

.m 4"kfli/i >^AT ^LaSxtu V j^r. .(New Scientist) ^VnLu,^ 




Cj 3 CjLiju jiJ i 


p p f. 

Lo <3 SjUl 4-i ^LuaJ1 3 I Lo J/Lai «.6J 

%• 

41U^IO ^LljLVt^ jJ-U ^ 3Jj» ^jl -L^V^ JJ&J ((>4 1^ Lo J-OJL.) 3j?fl ^-^1 

:j^l (3 ^Lo-O LLxU O J3 S&J « J-J, iAlllj 

The slithy toves 

Did gyre and gimbal in the wabe* 


>Ljjj^5vJ^1 4Jaq 3 ^111 Lo ^ 1 * > 
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■j- 
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J i LT^ 1 ^ 
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6l^ Jl^I 


->>a IjLi ... (Vl^_cu5^JI 


US 4jH ^ iLti 3^j jjjlJI Dl. 

* C /N * £.1 k *L m A II . -4 1 4 I *.l A , d \ .. 1 ,* w 


ll £A ^ 6 1 ^ 

ixj iiLiioLi^ 4 ^La j 3 ^ »_il^J iC 

4-ljLoj» :4jaU II SJlJjJ! ^)Hj 3 ! 
441^^1 fjLi ^LljLcUI 6J 

*«• * >*S P Mi 

•«' 

\j\j 44mS^_Lz> Q.m.i.1 4-La11! 6J-A 
pljJj-fl-ll O 1-L/.U Liu I 3^ CJp^ ^4.J uj I jlo iJ I jLil 

SjjLflJI 3^-*^ 3-) 4 ^Jla1I juioj /jJj . ((SjiJI» ^ Jl L^loj^Ji 

J-C. ^l!l ol jUI 3^ LuLajI 3 ^J1 J-sl ILlI £-a ^ Lu31 \ a % 1^ Q II 4-o \ lA 31II 

^-uuO_>^ (4-S_s-flJ CjLoJlxuj^. 3^ xu J-C ^1^ ^ J 4-ilma ol Jx 

%% 

^nJI ^^ajLi^xTk. 1^\^k ^ ^111 (J-u-lL 11 4-La-ajl^j i^'j jM\ 

+m •* 

((4-La-j)) cll^lxu C^Lj 4-l<jU ;Spin ((i-Jjlll 4^j-2fcJI)) ^cixlla 

£■ p C- ^ 

i^jiijjj f-Uui u.j^-o o'jj j j' 

. n Q-J.J 1 3^.2^ 

in wmll ^Jjaj 31 ^ ^111 — ^jUI l O-tTvll 3 jLiJ^l 3 A ^ 

^/UC. 33^ 3^ Jl> ^ CjjI^ ^ ■£ iTill ^kl mfljl - 6^U4 Xl£L) 3 S^lLi 



_ * Lua^ l- C TrJ 1 Lnj Ln^ 3^ 4 4-J^) LclLq 6 J-C Jl io-uiixQ 

^^lxi wU=JI laj)La-k j 3 ^ iJL^. Jl iflLLall SJL^. 



^ 1 1 n J-C. Sj^^^II ^ t "11 ^In^ U ^ j jc i 6^)111 3 Sjjj^^ll 4lLLaJ I c3lL^ j-xc. 

6^1 J^'j' j .3^k^ 3^C-J ‘f^-" 
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£k A 2h° O-lJjj 4jlcLti^-xll 4 \ \ \ W 4 1 'v a o|^A xia-C Li Sj£. (jt jSt i H II 

(^JlII JjIj flJJJ (J| j\jlllSlj J-u^I ^1 Cxu wii^9 il^ill 

*>. M C- ^ £ 

4Ji^jj cUj t41 .i^Q,i a 4xo^ jl-icl ^ 

1jJjU.j ^fl.u.iv J (j^Jlj>J ^ 

.<xo^-Ji 51 -xaJ 1 ^JLc ifl^JLU j^a^I J^Jxq-5 4^q^JI ■i^VTki 11 j>A-uaAj 

jl gnc^l 2>^\9 <3 tJjcfiJL* 4 a- 4 uA"\A jl J£.Oil SMb 2>° ij'ila OjI^ 




3 4-j-^Sw 




2tOI-aj-=*I ^ 4_\.,uo LkJ 1 —& a 4 cJ 


♦ V_£_l 1^J1 -Lpj^ lo % <3 jlici-ilu^l j\-lu£ L>J iioiLs 

^ji j-LaJi s^sLflu ^j-uL lI i 3-Uu j-oSn ^^jtiLixu 

e Jj^ 


yuilu L&jl mC. 1 2^-aj ^JlJ! ((ijJ^iil)) (j^j^J^JI 4^ 
iiUo £ yLfi I »2^" LA 4 a Ij La-O *(J-Q-tJjl J! jl Jx.1 

W jjJ* <s'^ Ralph Kronig -iJIj 

j 2)1 ^d3^ ^.Li-XA^J4 jlaL^ 3 jJJ 4 ^LxxjIjj 2^^ 42L^1jI jjlj 


SjoU ^u^llxll JL^U ixjl^ 3 ^ O 1 M ^ 3i* 4^ 

*» ** ** ** ** ^ 

61 ^LaaJJj ^.(^h / ZtT^ ^jlj-lL^JI Sj-^^JI £.3 ts'w 4Haj-S &L^j*i!l I*Jl& jn^vC. ^ 


2)Jj^^J^n £-A 4-£..&1 a y\X- I JjC. t6 JlJu^ 6^-flJI ^Li 

jlj-o ^3 J3^ ^' o' ^^^9 . 4 ,a..i u i j JI 4^j» \ 11 jU^| <3 4-A-i-tiiA^J I 

4.\ m \1^1\a a 4jji^\ll l xj3 I^Lixua 2)3^ ((c— l^j » 6^dl 

Ij^G-tLLA 2 «lA ^ » i-JjjLA 4J 2)1-^ ^.xSk-LiiJ^j^J I 

£ L \ ft J U^A.> ' OO^*" 1 0' ^ 0^ 0 ^ LoJ . 4 i \ n\\\ I 4j^ ]r\ \ H Lxaj 

CjpL=h. £^Lc 2>-° JJLJ J .llx! Lkj-iilj S^oJI 2^ 2^^-^ 0^ 


^1 ^ T • iiui dJ ^ 6^ ^ O' 0^* j 0 >^^ O^j' lj^- 

. L^_» |&_lc. ,^-C. >l-ljjj^£ 0^ »4_flJjO-o CjIO Ll^jj ^j.£lUZ (O j%Iu ^ OJ ^ 6 Juis 

/7 / ^ 7T 4_> <.uOxiSlI 6 Jl>.^J 1 Lclj V'l * 4_Lial5kJI 60^'-^' s3 4 < j U.Q II . .ft </->'> LiljjJl Ji£. Jb - 7T c-^ ^” 

—) Ln^fl Ijuis 0^- .ft 5jLc .^liSLj.5 




Cj LjjOI 


George Uhlenbeck cUaiJjl t> U-^ 

^ j G^Gill ^Gj^iJI t> Samuel Goudsmit j^x 
iiuu >ktj' Die Naturwissenschaften ipllSlI iUIl j 

.N'W'I ilxu Nature jSml* 5A^c jj cN^Yo 

Gjl_gj jMiidJ iJj-ill <GjJaj C>*v fl ’> Lo (jlxjvuj 

^ n/^1 N^Y't I ^jjjjLo d j k >j '■ AxG-H JajJa'v j\ G-uijl 4.)5v <~na 

Ijj ?(Spin) 4_Jj>Jd.l ^a-udi t^iJI La .L^J Gujj-ft>a A.^i.fl.'j 

^x^JI ^ 1 -CLq 4-i.fl.) JILq 4 W ^ Lfl i 4_> J L*J l 4.31 JJLj La j\ux lAj CjJ^L>- 

Lc^ ... SLXq «qImjlj?vH» j^-I 3 cdi <JtiL> J. n * \ u> 


^JILq O-jaiaJ 4_Jj_ijLl 4^^.-*Jl ^1 (4_J| lJ! 

tijIj-JI 4 Ua\ 3[ Jj)j*. i.l LUj-i-o jjA j <jl Jj ^ ^yl JflJgJ1 
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jJj S jSGi ^G GJJax jjj 3 <jl 6^J ‘C5>ki S>oj 

3j, N ^ VY aXjui Lojbi£. 3^^-* 5 jLx^u <3 <-^3 <3-^-* 

t4,j^. (jjl 4 ,-Lx4u IL^uLlA ^ 4_lIjjLLI 4^jj*JI 

.^gqjqiolll.o JL^-A 4,1 thuI 4Jl_ajl jLujS 3I JlLo 

jUauIul 1 fl.Vc <A1 j JILq <4xa£JI CjSL^IjjJI 3 4,i^L^J1 

1 « J IS. I ( 2 h° (_£ L> ^S 1 ^ \ .^,<0 ^ I I 4 J 1M 1 ^ i \lc> 11 

if 

oLuj j%iiC J SjAJI Ijpx^gL J l^iubU ^ ^ j it ^iuutu 

^5 , t- 

«UjjJ>1^» jj-u ^l!l — ^jj^vXlaJI o^ 1 

•ciy^ ^ulli <3 <(^Jj>i-jo)> (j^ 


((Spin {jf\-iu.o » ^ 11^i^,lL> Ij5 jjLa <._ 


^Ij-^JLuut (JUaa^i (Jj-LJ j^jJ I t^Sl) ^4_J^JLit 

llL ctS.i/^1 IjI cIjcL^a /*Sll /woq ,aSJ 1 ^Lk Vii (3 4a^ixuS^JI cjl.^.l.ln,,^ 


4J^i ^ ci lie Lo^ 4^3 ^JLq yGC JLloj 3 k> 4i^Jlo 4^K 

Lo wi^l ^>Lfl t^ 1 11 LxIa ij5l lj| Lo (_^^J ^-L=kjJI SJlJL 

^njj-CLj 4jljj^ 1 4 11 3^5^ jldc-l cj^ tCjljjJI «£i>JI 3 J) 

* «Js^ 0 ^ ^ C$J? ^ jjjli)) 4ij^J^JJ 4 a^-*J1 <Zi 1^1.11.11 ^j£k,xi 4 II 3 





pUiLuj^l^ J^b 
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>J>_ua!lil 11 (_]ys Q->j-La2ll ^.loif-l Ij^k-lj JjLi guLa-flJj ,j^ 

0*v t 4 *\ * * 4 >iii LLlA (3 jJj t."k^ ' 1 dijki Ij). .hi i>11 jJI c-LoJjlJI 
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,L^I j l^x. 4jL> 4jlA^o-lli 4HiLfll^) J-5^ N ^ N A 4jLt-u >t v ^ i ^ 
Jll ^£jJl j-oi! I <<LoLaJI 4 j^-uajJ I ^y£- N ^ ^ Llj ^ 5 j%Ilj Li^j 
•» oj j /y° y-iLj .JUJI 0 ^LLmljl oLVil 

^jJI 4 j*.jJ_U \ c\ 4 t^C 4 \ \ mill (3 ^ V^*Ti i4lilp|^5 t4_4j-Lli]l pL>j-loJI 
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4 -im ^^-u^j-Ll Ij-A ^oujj Review <JjaL<i JLiLa ijln^ 4^^^ ' ^ v s 
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4_4 ^£jJI UJ3-? pIjJo[ JLflJtl IjJfc J 
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(jo^U jJjj-o iSjla\ 


^yO J 5 4 J lc . JX> 1XLLA*S N ^ Y \ 4Jl-OJ ^ 
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CJJ^ O' ^ -OjU^JI J J^J ^.-»- 0 Jl cilj dAa ^ ^jl Jl 

Werner ju^inJI o jcLui^a j 5 q ^ya ^pLlj> j*J 
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JjL j^c J^j O' ur^J 
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\ 1 jl Jill 4 jljjI 4 fl 40 Jl^Jl-ojI \ Y ^ 4.1 i-n J^jLj J0 0 

LS-®^ 5 j^j Sjj ^3 ^jLtil ( 5 ^| 

jejSI bU tf ^JI j i5LUJI 4JU j jl^^JI 
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i^k 1 dull 4^jJ ^\ ,4 J Q *S — Lo->j — 10a 

.ollj pllil ^Lxlo^jl ^ 111 L*,4ij..O 4 4J/Sj^' 4JUJI Ijjlx. 5 ^1 4 

i4^0^-ifi.Jsl 6*pi^J JLj* uJI /ya Jj^il J-lc. 

djL^jj Jlc i4ju,^jy $I ill^JI Sjjlx 1^5 ^ L^jLi 
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cl\ i i 33-} aLS 4jLi^i2JI 6Jfl tl_Kx^ i^LlJI uX^UJI p^JpO 3 

«• I *• "* 

. C L\ ^ Ijll £j*UUA 4V\J <4AjLlXi K II 3*° I rxLiJtJJ 


tJsX.fi 3 H 3 ^K]I Jx <J 3 ^ U'bLiJI IJ 11^5 tUlx<Aa ^'bLiJI ^oxj 

<4ajLga Jx ^IaJI uX^LiJl 

3 -S->l ^3 t4 aa*\J 1 jljx^jl 3 -^ 4a£ j^j 4xlxl 3 -° wfl^Lc. JjUaj 
JJX olr^ £aI^>JI xKJ I 6 JsiC iiLu^Lj 4 aI \ *\ Y 0 4Gxu ijjlj 

^aJI 4aaKJI jljx^J 4-flil^il olloJI JJX JjUa ^Jaxlo U^lx 3 oIajJKJ^I 

f- r* * *• 

*l£Lu.^l Ia^c ja-tuLi ^yk\ Lfi^^AL-6 ^AjUaI U ^juUA j5j ^ A*l u 

6 -® m aj 4 jlaJI J 6 ^-^ ^ 4 - 1 ' J*- u^i ‘Jj^ 

** ** •* “ 

3 4xi£^l l^j ^Ja-oa ^1 4Xaj1aU c-\ i<ii11a IaJ^j <4a1 \ jlox^l 


.Njx3 cjbjl UK oljill 

3 U^jl^l Jas UUiKIj pIjaaua^I !ja-o 3- 0 *U 

3 - o cjUlj^lijlJI 4aL^a 3 ^1 II pIa^-^I 3 U^jt-uij 3 ^) 3 ^ ^3 

rv _\ 5 ~ 11 4,^. IA>J J (j UjXA 6 JlJXaJI pIa^A-^JI U'll <■«) Ia 3^ ^’*-> <3-> J^UlJI 3^1 

4- aaxI 3 ^ <^VQ ^S\\4jj 3 *Ia 3 ax- 1 J 3 !^ 3 ^ u 3 ^ 

M *• 

^JL ^/G1 a 4j ^ojUuI *kiun t4 Cl Xr^ II 3 4-KJ ilSU>) cJ-fixl S& pIauh^I Uao 


3 ^Li 1 Jxo 3 1 '3 - c l 3 ^ 3 4-X-ujI^j CjLqaaLG 4J^ <4a 


UauA 


jrLiLi J3 Ua 


ixlj-i-LI 4^^aJI jljXo l$J ^1 CjUa^ulaJI ^-ua Jx ^3^ tpUj 

Ul JjIaj (5/2)#i ,(3/2)ft ,(l/ 2 )n — ll^x Ijjx U aGG ( 3 ^) 

3-o aa£ I 4 J jl Jao) 6 ^iL 4 aJ 3-U LgJ ^oaJ ^aJI Cj\ a Lujla II 

M 

4alaao LoLqa d q I" a 4JLi^JsAJ dLaiJ L^jLfl (IwKx j 3 Pi i 2 ft 4 ^l) 4 aja^ jljxl 


CjUaxo-JI L^J ^ ^aJI jxl^-flJI ^axujj .Jxl^xJI 3^ 4 _qJaUc 4a£ liUj 3 

Ferml-Dirac) 31 pLlZA^Lj t ^OAtA JJX UUj {((3 ; k <*> »_JI cl j 

%• 

L 4 JI J^ (_^j^ s^>»! ‘(Statistics 

t Fermions ciLjaaoUaxa^JI ^a-uaj ^^^<^aaaa 





t<~\ l jl^LcI (j\\ll\ H Cjl J ^ ll ALlLI'V I I L*J ^1 a^IjiJ! {S amuj 

^JUJI caV>11 J-c (Bose-Einstein) d 

.Bosons cjLj^j>j «<»" < 1 ^ .-■ 1 * > »■<-». II Lai <1 ^ 

JXo iN^YO —4.<i.Lflj Cxfl>ll ^ ^jjlAin'ol— jsi d.nr>„:d j>Lo 


^j^-llj 5 >aU=>j <Jjj>> s * oL^>^ J>a. j^yj-ll SjLj)H 

*■• •* 

3 3-d 3 An^l CjLqI g .u^l <( 3 ^"“*) SJjill 


i( 3 -d"* ^ ujl^jJI 3 -0 4^oa 1^£. 4jtl^ £jil^JI 3 ) 

.4 i*C ^nNl^v II 4_Lol^JI 4 ftjlgiQ II 4.u.viu 3 

Ij3U <\AM 4±m> IXK 3 Satyendra Bose 3 ^ Ij JjlajLuj jJj 
JLax. 1 y33 jSj <5j>,\^kII 4 jcoL^ 3 4Jlxu 3 Reader 

#j f 

Jcljjfi 4jli^ ^JjlI ISjwi-o 3^3 3 ^ wd j fl j^q^ujj j j3^3 3 J ^-iu.jij dL>SL> 

t5jj ja 4jL)j_L^j ^ 11 3 ^ 1 ^ -ULuI^ul 3 bifl-fl IjJ tdLiSLi 33 ^ lx 

p *> 

JX 3 ^x. j3 La£> tol^j^i 3 -C p^^j pj) ulrJ 1 3 ^ 13jLj 

1 *» 

2 ^kj ii£ aUq> c> lAxj 3 ^liJ I Ju^h. -U* »-**> * J^LxxLluI 31 (J-U^^J 


4^3-v^Vgd-> Ijjk 3-* 4^-mj (JLtujlj *pLaaa^II 3* 

4 Ua Zeitschrift Fur Physik 3 ^SuJJ L^oji-i 3 I 4 ^i >t JLj 3j13-£ujI Jl 


4»ajL13|I 31 4_a_^ 3* 4jl 4^^jJ I 3 jLLIi 1 j 1 ^>3^ 

3-xxJLs j^L u JX 3 t^jLuJJ 4 jlo 3^3 4,iIx^Aou l,Li^ry,4. oi 4 -lllXjj 

4 _i^v 11 4 ,^ 13 ^ LowIax^ .N^Y£ >ji>W jhc-\ jjx. 3 


ULI I 


t 

**^ v » 


— cjiAll llil^ 3^ ^IjSLi 3^3^ J^aILojIj 4 & \ mS^Jl 

4jli 4 4^1 3j-^I £-° — j-fl-txdl ^jlxuj 4.IlS old 4jijiii» ol A^in^. 


l^liJLu 3 C iijiiiJ 4jL^jJI 3 ^5 3^ 

3^ JlC ^Lxxo^ll ^-0 JxbGJI 3^-^ 3^1 Sxa 
ot Q)ni% )l jljxi ^-0 J^oLjGj 4,xJ?w3 mil pLu3l^^!I 

& p 

/ Lc 4 S iUa fcdUj /'wo Jjlj I cl I (Aj^ /'ulxiujl H 


pt 1^31 iL^-oiXU JLC11 


33Loj ^1 3 lc — CjIj 31I ^-A^k.31 


d\<\ 


4 ^jj 3 4,\^,A.Q,a>JI 0 I 3 IJ 1 JI *i! pt 6Jjib 3 I 



olij3jidl 


Superfluid diLcJ! ^JtLdJ SjLJuJI I d*°La-J1 LqLoj ^JLu^ 

4ajj VVV— JJLdLl i^iJI <^^5 dj jj^-jQ JjLlu ^ 5^3 <^ 31 1^ 11 

^j-ilLujI > ^ Y*\ 4 Jlxu ^dll^)JJ—cl i^-sJ jj )(3 1 ^ £-<03 

1 (j fl i\Lai Jucl^iJI ^g\ l^i^Jtlxl ^\-uL>^xfiJI ( jpA jj^\ 

^ p 

• JJjlJI i— ftua,j olj SSd^JI (^3^° l^gjJ-fl-J 3 <4-11^*. <SM 

oil j)1jQ j^iJI (^yO j-lxxiiJI (SjLgilj <£1 Ul xX j ‘ilj 


4jj)i^J 4jkz± jvii-A 6 Ji^Lntt OifrJ J-SJ 4 I^ A(j 8 J-^-uja 4 j2l>j-Lu oLjjj^-JI^ 

d ^®3 <olj)i40 Sjc jXq Spike Milligan ^L^iii^t liLLu^j 


^ S 11jj i\ 4j. ill ^_c 4-aiii4 ^ ilrvjJl 1 J_& 3 ^ 1r> S^ojLl-o ^Lx-loJI 


^>*-1! 4 JL -0 P^^ <3 4iJIaJI J-C LSI I 4 \ft/v J-C 4_L^Li S^iij 


6 Ok (£j±j£xj Jl^I tf T Ijjl I^Jl^j d^)) . ^juuX I 4 i. in ^ d -0 


JcUil 6Ok I^JJuIlxJ ^j\ Lxjlatv ^xSoS^aj)) oLloIj «*d^ ^SIoJI 

d>lj d-^ d^dc. 4^jrLfll Lq 4X.L5J1 oji-4 «.^5li.>jj d-° 

li^^ioj d^ jiLl . L ^j-xJI 5 JLud ixl^i 3 4 JUJI jcLLLI ^JixvJ ^Lvdl dj. 


dJLuu J ^-8 d^ (J^ idl^kcaJI 4^.niT». 4 _a lUH qIj 3 la j^-iJI t* 1 j) 1 / 1 1 jJ^Lq UU3 iok 
d^ubkfll d* IpJi JLcUil d* ^ dJji^ (So>. 1 j 4i3JU>) Jl^Ij 


.^jLiJl d| ^ £^fuiil 4liiuA «4-ii^j^l ilUJI)) JX.LLL1 

oSLcl^- (3 iSj-^ ki iicLDl (3 Owl^ La d ^3 

iljJLixo jcLLLI ^ oil^ Bruce Springsteen jy*> o»jj^ 

4ima>j JX- LH_ 1 I d> 3 ^^ c„ft.ju^.lI 5 4-^.^i cilJL ct 

jJ^9)) 4x^1^4ilJi uijju 4_fl^>iJl oI-Uj >^ull cljiAl OiA-lal LqJijCj 

.U 


Ij ^ ^jcLLq d^ £jt A y '' Born to Run 

ij\ycC\ d^9^ 1 (j “*oi ((iftLLdl 4 JU.)) 3 ((01 11» d^ d^i Ojrixadl 

oli^^ijOj^-fiJli toli^j^jJlj oli^-x*/^! lj -^3 

. 4 J ^ SLfl olS^j^iJI Id t p 1 ui iij^ll 
— l^-\lc. Iij^jii ^lll ((ixjlil)) oLaixu^JI 


lol 


ol\ 5 J^J)ll — 

p 

u i pLWui^I Ij-i^o «oU^xoyLft ^j5> — 



4-Wq 1,11 

CjLjjj-lII Lai .^L^illl liilc ^.\uaj ^bJI oLcumll 4^L-o-kll j^LjiJI 

4^iu I Laj 4 Jl> Lj_> j^lI 1 J.XO 4 ^ 1 j .th I lI1>Lq-v^ ^ 0 


CjIjJ ^y^Lwb Jj 5j .Ifl iufl’i isLLJI SJL*. (Jjt-mlJ oL jj jiJ! £-_>-q^ 
liLLfl Llj La \i^Vij i A j /nlbll u-fl3j-lhJI Q.?k J CjLjjjjJI ^jk>l i^> ^j) t1 11 

£>KK?^ 4 He j-o 5jj J£ j! 

«+ 

oLjAAjkJI X-ju3^-jj 4 j fl 4^ 11 ^yJ^JLxl « la jib ^bJI 4 \^ ^11 jl JC^JI i iLuobl 

%% •+ 

i o LxjuuiOkJ! L j^_i 411 ^wl jljJ I oNLcLcliJI 3 ^bjL Lbjljx-I (J lb i q -LLlzJI jj_> LqJ 

oLjj^-JI ^Lj| a ij 4 ( j^ 5U1 cjLjjr\^J"iL! Jkll jj-xJI SjLj 'k 

*■ ** ** ^ »• * *" 

. P j^ubJI JjL-ilu 4-fljjJLA 4-fl lfl~V 4 4-LLfc jlJX-L 


V '^ 1 Oil 


^jjiUI CjI \\ \\Laj jjJcb-o ^J-* 0 Lo!i s J_ia^ LlaLloj L ft Jab, a j Jlu P^gJj <jl £-c>j 
(j^_> Jj a 4^l>q^JI 4-j^-LjJ 1 Cx>l^ N ^ V 0 d\*tt 4b I 4^j^uiJtJI 

f. ^ ^ ^ 

j^>j3 3^ JjL^j jj jx. jlj^l ^j-a^L ^ p. \ 5*i 11 I j_LJLoa Lijj-L <jJLua> 
4_xi_flJI ( j_c .JLcj^l J s bLk. 3 -aj-L ^Jii ^^ 

^.LaSjl JJ u ..<&!&*.]I J ^ijj'iLc. ^g 5U ^ 

^jJI (J-L^J I JaIJ) pLlII-ujI Idc Lul$ 4dJj JJLJ ^blb-aj cbl£ 


l^jl^ dlJbJ 4r ^iaj Lajjj ‘33^ 4alL»Jl JJLj ^cJjlJI C^-jJI Lc 

V £ 4u-uj ^u^Lo jk .5x>j.kl jlks^Ll 

iJJj^ «. ( JLjL^Q-LII) olpLaj^ll ^jXi kjuL ljj£, til 1 a ^ ^ ixlLJI 4 Lbrt 

I (j L ji,\I 4 \\ i^)^lkll s _9-^-lI 1^ \ll ^ull 4,5 ijUll 4 JLj J^ 


jj) /n il 1 ^ 4-jjJJI <jj-Lb.JI 4-*L^ 3,3 tiijjJI 


* «• 




p 3"?^ 44 Ag II 3 a I (j^ jl Jo/aL JtCj ^ ^ Y ^ 


.lUj lj-i-uj 1s. \ * 1 i < 3 lb \ /i) 4bI 


lj^3 wi3li 





11 4 x\i * iLujl^J 4_Lili J-Xjj 

4j1 L>^w 3 L&j^)!^ SjliJtJI ((4-gj lJLjJJ L>)) JjLJ dLlj ^JlC LflJjUO 

****•»% ** 

4j^lll1J Lj ... d \ J Us \ 11 )) l NJLj U 4 d jgQ \ ^ |_*J 1 ^^jGJ / ^ V * <3 *' i±y \ 

d5j ((.^oJ^C 4 -luLxj J^j^o O'® JKl bJ ^ *L>dJ 

"• M 

Sj-q OjLud 4-li^JJl bj-& 3 pL>J yi-flJI» :^L5 ^Yo jL>l/^_>Lo <3 2 ^ 43 ^ 
|\(j 1 u 1 mTi^ o 4 niO > jj^j ^ Y 0 ^Lc. JJ?'^ 13 (( . 4-ij^o 

^ ^ Y ^ j ^_u^j 3^9 «S 3 dll 4 j> J 3 -d Cj I I 6 J-i JjlJ I Lull I 

•% 

il^lcu jj-ujS! 1 ^ai^JJ 4 j^jL 5 3 K ^111 — Wilhelm Wien ^jli ^l^hj 

3 ^ 3 -=d Ji — ^LlaJI 3 ^h^Li L^j ^U ^Lll 4_u 3 JJ j-fl-fiJI CjLu^j-q (jjdaJ 
4*xa£J! oLcLLaj^I 3 4 \ a. 1 ^ 1 11 J 4% \~vu~il I J Ijfi&l JIjrvL)) 

3 (_£3^JI pLq-oj^!I Cjuil^ 4 ((4 \*\ 1 I 4jj 1^ \11 m *„j I ^ I JaUxu^ I 3 

4j-lu SLl^JI dxfl J-C- Lx juqa I 3 II 513 — J^LujIIj ijljj J-c. ijjlkj 

U iHenri Poincare d^jL>\^j < 5 ^* ^) c t;V;,i, l > >*\Yo 

* b^ ‘ 6 j^j ‘Of^db ‘j^j •£ Lorentz 

p p 

3 3*v^ j Ijpjj dii ^1^1 

Jj& J 3 J 3 I vloxJI ^j\\\ 4/7\^k.mJI CilK > ^ Y 0 4d-uj^ . ^g^jLa 

^ p ^ p fc <j- 

Ca^j^' <_S^' l>* j u ^~d? 

4-j^l^j 3 JLad^.'iJl jjdj ^7i ^ .t 3 -^Li-uij-jl Idj Lodlc. *s~\ 11 

4^ij 1 li.^> l (j \\r\ \ ^ v i^o I ^Cl' 



Jl 4 jj^ 



1 Jjl 411 4_i^iij 3 4_1 ^ 13 ^^ ^ 


41 ^ 1 ^ III I 1 i,J <^i im \ 4 \ AuulJ L» 31^11 1» * ^ ^ Y • 4j-lu 

d5^5 «.^t_ujl^Jl 3)Lcu^n 4cl u) 3[ ^qTiqI 111 ... dill lI^I 3^ ^ ^ ••• 1 is\ 1 

p 

J^ j^j ^ J^b j I^JI J^oluj 

. ^jJ l-X iiUJ I SLi^ i4l n> 


p c. 

i i~i«^2?-* ^ 1 d 1 CjLj 1 lr\ ^ 1 . » 3 ni v 1 3 3 **4Jb^ axJI ^jjLiuuxjjI ^A^- 

.^jbLxoSLo 4 a jio ^yo TV 4-^ Qin llifc 


4 ]r\& ^ u^ j 


N^Yo 41 ^ ijljj j Max Jammer <j^Lo 

CjLLudjj CjLjjJooj [£jLlaj CjLil>i) ( j^o ^ga/i!l J^-C x }-J 43L 


pLj^iaJI ^lj^ixuL> ^SLII ^K,.in.^ Xi «<CuLui^ 

JLLjL (l^kiUi^ SjlxJ) t-fl-*.A J-oLajJI dllj JJLj ^3 <4 i^Jljik^ISLJI 

pJ .JjLlII ^Jfiilil ^A H > (J* <4b&^Xo <4 a$L^J 4 1 A*S 11 jLiC^II 


$ 


4.1 fl 1 (j \*\ 1 <L^-jlj-k 4 iiLLlo ^J <Lulj 4 Jjlxxlla ^J1 4j^>Jcu 

^ J ^L» 4n%c <Gjj JlLo 4„\^ uu^l£JI cL^-^l <Jx. 


uJs*? a 

*3^J1 4jl3^ ^jA A\\ <jl tjjja Cj1^3-U> jJJ-O ^j-O Jj ^ 43l J.5.1*J 

Jl^j ^ ^£J1 4 j 1^ j ^ 4jl w >-i-ll ^jl .4ijjJI lI J J "x 11 ^jlAJl 

j^-L* 3 ^ YO 43xo 4jlju £ ^jiijlUI ^Ll ^ja 4.01 4jlxoj J.*-fcg t&j-a 


UlLO 


JjLi1a3-uxO ^LLK ^Lij^JcLj Jj ^ A 1 * II ^ '■v 11 C_^tlis3l +K. II S Jj^l^ 4j^jf\.» 

*^jl3 tO tV\A j 


. \ ^ *\ j-fcflm i^lSLJI l^ijlixl ^a jjj ^ 11 



ol> old $Jual I 


JjiSlI /jyxxiuj o j Wurzburg j Jj 

plj^-LflJI <jUJ J diT* £UU4aL-od-> J-^TvH N ^ Y * 4juLUJ ^ ^ * N 4j-LU 

dij 3 jljj j^J ^Arnold Sommerfeld dd j**xu Jy>jT id I 

jiLOJul • SjjJJ jja ja j-Ico J oaj£ 3^* l^jLui-o (^jJl tdxfljJI 

dUuiSI 4 xl^q 4 u \C ^Lol £_djj (^dJl 4ajda oUul 3 0 j-JjLui £ jdjad 
g-ljjl dadll 3 liljUa-iiu^l jA* » j^uiiG ^ *iC\ 4 a a^ jljcl 

yudj J^aII <ja ml ^J?3 4ad^JI J-C £jfij dj .Jalaalaa ji 


« JU=JJ id) j Qin^l jiJ ti ^ ^ jljcl dLudl 4 a a*\ jl JX-I 4juA aI a, a > . a mi 

• *4 « «• V , V**/ 

f- t 

JuLudj-ajau idj-adlj 6 P*bLoj jl d tIK Adi JjdJl -dtaal p^jaJI d-£JI 

«* 

p, , ^ p 

jlje^jl Cul^ idLfi 4j^a 2"j^o-i 3 LSjLe {^jJI Lol 4ljaJtajl 

i )LcuJi J LLJI oLixada jU IjJj 4 6 j.fla m a OJude O JlIc 4^ <uoJI 4a-dJI 

dI p|jdJI d-i dJ)a 11 jI.ul.xj 1 ,i 44 J jl^j 4<JdJI 3 OJ»du,l d 


£-laj^l iwjLJ! >^Q) d o^jLxII 3 4^ i^Jl jljjc^l dLudl ^da;^ 

<14,UI Aclj-flJI 3^e ^dSa d (^jJI j-a^JI 4 j-Juc 4*Vm,JI 3-° jLaj^JIj 

•* — 

.Ida*. j-c IjjI^ ^i^. 1 t^dJl i,jkU 

4aJa‘i! Jaj-flJI t^d'il!j Lixu jdSlI ^^Lajad^ 4 j^-il 4 * iAa J'^dj 

4 -jadJI jl-ic'ill jl jjlj Loj4 ^dal dj 4dj\iuj 5jdJl ^jAifl.i.1 Alfred Lflnde 


i—mJjj i4j-oldJI ^dJl 4ajdi 3 4 % jj^ A 4a.A.^vl olj 4-v .>^11 jljr.^11 dlxdl 

^Ul ,.1^1 * d i mil 4a40id du^j 3 Loxud. IjjJ 



4-Lxfl Q.Tfc ,jJl 


‘Uft ^ujljI— 3^9^ cl i OLj l JlLo < ^c .^| JJuC. 4S-oaJ 3*i ajj 

iX j Y ^ I i \ j jy^\ JIb£*| I_fiLu^-iI ^j,ni LgJ ^-L.11 ^I in-OjI £ jA^ 


4 i^aJI jljc^ll ^iLudjI 30 ^ aJ3j pU^ (lj 

' M 


Jl^i ^3 .jt^LIaU jJI , Vjk.1 Ij 6^)jJl 4 i.i..k,i 6j^jjLi-Q 

"* M * W ' * * ^ 

3-0 ^1 V j Y 31 N / V 3 * fill^ t4 a v^k.iv^ jlbcL CjA^j 4-lo^JI jlbC^II 

■'f J!V>jiv JM ,> Jliirtl Jic UUi <\/T J! o/Y 

** 

t-fl3 ^-i^jilll C^cLui L V^SsJ 

3 ^ ^illl 3 LoS> 4 jI ^j5j La 6 j\jJI 3 U i^JI i-ijicu 3 sJ j 

3^-5aJI ci^oL5 jjLs < 11 <1 ^ Un v 3^1 j)i ^-i * JjLJI 3 j ^ J I 3 *_»L3uJ I ^u 

6 j)J^^JL> Sj-o ((^xoj^JI L^fi^jLj ^1)) jlSA^L 4A3lA\ _/^c AjIAJI 

U-fljO ^L <<r> 3^ ^-XuLllI £_l^jJI Jj£ll)L £■^T ^ LT\ JlSj -4jJLjJ1 

ol^lxuJI 3 41L^jL lIU J 3 < 6 ^ * <<PH 4 \r\ 1 * H djLfll /uV^ll J-z*I 3 


. 4 JI 1 II iLiaJi 




UJ3i ^'j^l 


2*. 3 J-3LJ^ 


4 N ^ Y V 4j-oj G lj^ jJJ 4H ut lj J 3°^3 £vjj^x-g 31 ^ ^Lc 1 1 

jjj 3^ CjlA 3' *-AL 3,3 *<i^C Jya ^j^IiaJI^ 4aJ>ljJ! ^Jb ^ J 

v^JlkJlj 4-S-abidO 3-^° ^ (^AJI J-i^x!I ‘3^9^ 



Llllc 


3-^jI wl5 3 ^ < 


4 fl i.1q^J 1 4j^Jlc wi5^ 4-lxu 4 j1^q iS J^b^k-o S3LiJ 

& 

> < \T0 f u J^j .i 3 nil 6 JH 4 _u^3*-^ 


♦ c. 

/n 


^1 Sjj^jlau jj 3 ^ ^ gt i a\I' 3 A*"° 

£_S^aj 3 ^ laall 4 U>\ 4jj^^ 3 ^ ^IJL> ^ivT 


& t 


•ic^joJI L^_qI 111XI • 0 ^\. 1 ljj^.1 3I ^1 tAjl^JI 3 L^Lii^l 

9m 

Lg.Jci.flSJ 1 JlS 3^ cpL*j' ^j^j^LgJ ^.Lflil l^LluS^^I ^L 5 


dJUb £-351 3-o Jjl 3^0 ^^xJI 


^ *• 


^ 4i^^o 3 ^ 


pL-i^l j^c. J^Sq Lg^Lcu^l j^^-5-j 3 I j_> p33-^)JI 3 I ^^9 — SjUI 

%% 

^JbI^JI 3 4-^J j A-i>o dllj ^wi-u^ .£j^ck.sJL> LI a a LgS jj^LLq 3^°^ 






^ tSjjJI ^3 « s& Liuj» ^3-11 4-^^LlU t 

** 

^^5 — Sl^ill (J^v jj j3 ^SJI 4-j.Lu^JI 3^/JLu^Jl otj^JI 5jj)^ LjJ 

%* 

Uc i ailrvll .Ui A aIj /T.ll 1 >*> t t tj «^ I will)) SjjfcLiil 4jL>^)-L> 


:aljlail jl^I SiLLJI oLyun^ a^l Jillj Loale <t 


CiLo-cu 4H J-^LAlo Lq ,^^.T ^^!Lllu3 4 > 1 \ 


^,-fl.u^l aS jlail ^Lol <«CrGJL^» oljaJI^ 

Lille (3 Li.i o^i' 1^1 ^1 4-flLij-LJlj 4g. u<7n J pi J^i.iiill 

M M 

A>?> ^3 . (5_flJj>J! slithy toves ^jlllj) 

Ij>_j i JLi^v" oLlu^LjJI Jue 4 *xo^aJI 3Ll^JI ^yo d w ^%\ 

^1 Sjjll 6 JLa.lj ((4JL>.)> O^LaJI 


jltfo j ^^LiU ubLxu^^/I 


uSill 


4-u^S Lq Sale 


^Heligoland 4 a j. % A<^ J| jLxlJ jiLai 


Lo j\ojli£ L> ^ ^ J-0 t*^J I j j£-> ail iu 

3 JunU 0-° La ^j^oj <3j a^J.I Sail 6JuA ^3 (_$- x ^JI d^J-oJI 

«* 

p- ^ 

JuC 4 a^-L Lo dlllii clh^-* (Oj 11 4 aC iJlLUiJ £j\ J-XJ iKAll iJ-^ ^JuC 

elljj <LflV\Lo 1 (3 IxfiLoul alac^ll eala-> Loaic ^Ulo l_sludj aiLa <S^jj^JI 
4jJLjJI j 431 ^ eUa£ v ^ a5^ <((Lap1j^ Lo^j ^Lj^xflJ l » 4o3laJl 43yuaj ^3 

^_JlU d>i^ ^lll ja^JI 1^ ijl^XQ eaLu^ eltu Lo 3 » J eJ in j JJtj ^J iXlu^b 


^JuLj jjxuj (_^aJ iSj-iiu I^ 1 r^j.A iiljjJI ^3^ i^jtjLmA L^Ll^Lj 

^ M 

iLuji: J^-aJl ^Jq.xi-^ LjUla liLc 4-ij jJI jjiljliJl gt.ln m J'l-l* JUiLuil 
Sj^ill j^-a±j ^^1 O' t^ale Lujili jl^aj cmj^I a5^ 


.((^JL 4-XJ-lJaJI L^J^IiJ ^lll 4 \ ^-lOl 

l^kj jlac} 0 ^LujI 4a*1a (3^' 4^j.zk.33^A J) 3a^c ^aJj 

aUt 




^aiJI JLill 41 4 j,ij nJ 11 4 axuL1o 3j^u^> j 



4 ' Lk ' ^ 


^1 < 





pJ La£ 4jjj ^jJI ag II 


3 I 4^o * 3,3 Li 

1^4^ £jh3^ 6 ' 

^vIuJJ ^J&L^ io^JI ^)l ^)J 0 JJt J 


3 ^ 11 4 L it I /it ^JcijuxJ \ ^ Y 0 4.axu j^oj j jjjJ^j (3 J jlfij <Lli*jL ua 


JjLjjj *i\ jili .1 J jljiSn 4 j>L-lu 


f* 


1 iS\l 


IjjlVTn ^j\ \j\.a.j&\uAiL I JlC. tvJllA 4jl^\^L*^a 3 

•<3^ ^ 3 ^ 3i3^ a* J^=*^' 


\K 


djjlj pLj^l jl JLi-a JUojL lji» m oJvi^ <j 

Jol *"lH fj {\ . o il ^jjg llfl tiijuu^ 4j-lc ££3 (_£ jJI Lo Lu ji_> 1 ^Tllr^ 

1 a \<: 1 ijjLaJI 4 _L^xuI^j Sjl^-Ij SjjJ 4 _\^iA^II c>t,ii^>lj^JI ^o 


^^jJI — 4jU^c oIx^jcls 


ill IXLJ^L) 


JlC Lxj^q 1 dllj^fl 4-Xflj L$J 4 .jj ii u 

3 £-5j ^ ^ £LJj^G l£ «—J>5v^ll ^j-Q iJLaJI GJjfc 3j 


^IjaJLujl <dJJj £-<03 31 ^ <i>* 3 ^^ 

3, b,) 4 \r\ iajI^j 4juijJI oIjujjII «6 J-a£.l )) ic^-oj^o 

1» 2,3, 4, 5, 6.) J-cl J) Ji-^l «*Ji^lu&]l» (c, d, e, f, g, h 


4 ^ £jj 4 -^l»e i*Ja>H Jx. 


J^ ‘o^li ’(j, 8 


^jj 4» g2^j t^j-ll) 4jjUaJL> ^^-caLUl dl : ^-SLi jJCjJ I {jA 

oLc^ ^1 Jl^> 3 Ai ^^" > s 3 ^ijj^j^iiJI 3^^ 13 


<GLLtnrv I 4 jl 5 j JlLa 3 (j-^s 

^Lui! ^yojJa — uLl inaJI dlb j3j ^JLlLz^J 4 \a^ 

ja-\^ jl t JI JlC^I 1 Jy 5 (J^Ld 3^ 

3} J-U03J 1 JjkL^. JaaJLi ^^li <Ls_c cln 5 Ca^j^ 

4-ilc 4 ^,r>j 31 ^ JlS 4\*\ I <4.A.gllj ^5" I d -v II iu^LJI (J-l^JI 

(wjLlauI j^J cjljI^ L^l 4 ^jjJ 4 ^jjjqj liil^JI 3 


j%Tqj 4j flj 4_>lj 

((^JjLllI)) 3 ^ ^ i^l [jLA 4jaj3^il Cj IxjA 11 6 JX v_j^ 4 0 ‘<GLi 1 <iitw 


.1_JjvoJI 4 -lLqX 4_» CjJj^-I (_^jJI tj-uj^JI Jx JaLxj 4jic (_j.llI 


> TY 



oUj)a^oll 


V x r c^ujJ Txr^l J^SJI Jlo jaj il£» J^!l llfcj 

Loj)r> fl jTk cl)^ .i? X (X ^jLaia ^ X b CjI \ ^1 

«k 

fr C J fr ^ fr ^ ^ 

^lj SLa^fi ^3 iL^pljj ^ \dj LlxoLui! Lo l*ii A <jl 1 * y\5.<% JjJ 4->1jjl11 

jlacSlI JjIjaj 4^-ubL>^JI jlac^l {ja 4^3jll cjLc^^II C-ul^ diLfi tJ^lJI 

«% 

<Jjl£l1L> Ij^a^o jljc^ll 6Jjfc Jli JjoI£ (J^oI£3j J-loLcla) jjLjlj ejt <n a 
u-^* Cy cjl^ixuJi j uj^ ^5j 


j5 q <olk j ubL J JI 3 < J£_> ^ ^I 4 




\s& j^SIj sIaL^lo jJ)1\ ^^Laiu^j 3 LdUa Loalc. JjjjvulxJI 

41.4^La ll)Lx& <4j-uj <j*0 ^Il£l dAJ CjLijloLjJI <J^0 CJ^UI 

Lo JvC- . iNlUsIl < J^c jxaC. LqJ UjIj Cul^ oli^X.i^Aol.) 4 -lxjuLujI 

Jx OI <_j j^-aS LoJ-kC tilc JiiL^I h,lAS! 6 jx J^jSl 

«• 

JjiLj olij)0 t^ll t 4_iJsljjJl 4ji_L) jl <Lj CiJj^-l (_£ jJl oijJ'UI 


.Commute Jj^uill 


dxoXll ^jubLt Jl 

*» »*V 

<C)lij)-fl.i^iit 1*\ vtl5C.ua ^_ujL> Jl i_i^)JU La oLljj ^Li 


Pascual £*> lU*j O^ Laaic. NSYO 


J 


^■lAil J^ljl j j\ *T\\ <n 3 ^-j^jjjLa jLc. Loj^cj Jordan 


J^l JX 3 i^£JI 1 ^-Xl 1 £ao ^jC. ^aIc Jli* 4 jIj^ (3 oU-ujIJ il Lc^jJI 

<3 Jjliixll 4ji^LLJ ix-LLLijjJl 4 ja^S|I J-c JL5.1I 3 
4jli^ ^jJI JuuoSjl JL5II ^ 4^.1 (4^o^JI 

^ s^uxa JL5-o 3 J-*-flJLi jjs 0^3 

CjI^ dull Jlcu Cj lijjli^rua p iC[ Ji.ua — ?l/1 iSNLxJI 

iljUil 3 o-»Ij ^ a^x^llj ^la^II ^Jlc 3 

u-fljJU ^lAduaI Lo 3 *dJj3 (-^l) JaIj ^Jl,ul ^juuJUI ^JuaJI i £a 6J^JaJ 1 
Jx. Jj^s a5j /Three-man paper <(^^lUI JU.^Jl JLLon_> 


ntt 



ft 


I 


^ JJ 1 4j J-c 3^-^ * ^ 

3^-^-* ^^Jl I^JljI^JuO Cj^L^t 3-1f/ jl b4 Ji-0 JJ£. ^j-O 

p 

.jIjc^I 3-* £jJ^ 


^3 4 \\x~\ (^jJI Lo cj^ ((a^JI LLlKjuO 3 4 _l^uL aj'iJI ii'^LJI)) ^jA 61a ^j\ 

*■* " *% 


* * 


d A q*C 11 d vo Leu LijJU 1 jjj dL^Lj c-uLj *> cl 3 * Q ^ ^il -v ILs 

jJlJJI ^1 jq i cj^jL*-q 3 S £^^3- Lfl -^ 3 Jj 3 


^jLslLI 61a Jlc c y^T) a; 


4 Jlx> I^IL^j Ijl 


:UI 


^ p p z p ^ 

^1^*1 6^)lLi 4ljJLa 3^ oLsjja^ll 31 ^1 CjLj J_ill Lo^aC 

JjLuJI ^J£. 4 ii^>Ll |\ ^ 1 CjJj ^ *\ Y^ 4lxu juj33 1Q I^3 30-ubLjJI 

4 ^ ^ * • 4u_i u 4j«Aj ^ flNLa/j CjJlj ^ 3j*^L> Cj->H ijl^C Jlo 4-u^c. 


c.* .ol \j/^Lj^)J' 3^9■ iA~k 1 3 jUI 4 ^viLoIj j >*4 ~ \ 11 o jjs^ 

JLSj i 3^^u l£Lul^juo Cj^jLx^c 3_2^q Cjlij-£Ludi1 d\^vj_A L-A 4 ^jLolq O^jLjl-g 

4^Q-J J_Lll £ifiLil]l 3^ J_i JlJlII 3I ^ inVCl 3I 4 ju^ 1 6^rul CidL^)) 

3 3Jj£ 1 q lc>LjJu-ix) 1 3^-xu 4^tJ| • ♦* iSLLJI 3_c J^l o^k II 3I0 434^^ 











4 loi n\ gwjjJo-uJI 4_*_Sj ^X £jj^o (J^ ((ilL^)) JJ^b U : Y-"\ J^-tu 


JJjlJLj \\\W ^Si^ysLJ AiLj-lci! 1 6 Jl& *3 ^ < 4 .L>.a.u ^jJI mJl 4 * 1 ^ 

*% 

IjI^acI pLi^uJI »UvQ-11 J j£Laj 2 jjjJL 4 _sjLLiJI^ 1 

* _ ^ ^ 

^ J> ^J) 1 ^43 • 4 -xlLu) Ijljxl plj^-LuJt J 4 -x^.^o 

c t 

ji ■•«~ J I Jfj^i J! J) J^jJ I)) JlLo yOJtl 4_Lxxul^J l g K 4jLA^JI iJL^ 


4x4 -xa^J t cj^!L aii^I .e2-e4 4_>4 .lo-mI ^j 

111 ^yjjJj 4^4_uLg-ll!j aJj^I) Cj^LzJI aJjLclII (JJ& 

JLxlj^l Aj Lx I^J <Zj^y^ ^lJ I A \ A \^J 1 ^Lj C>UL=J1 i3 j*3c. 

^jiJI <&j^- ^ SjXj ^Jaj ^1 A kfl\l l ^yfcj <t£>=J Ji aJU* ^ 

« ** 

I 1 .\\ \x \) lo nJI j a_la <nj,ll < 3^9 ^cjLJIj 


^jI J^iljl 


iSilaJI 3- 0 iiLuol (JjLSi L^_jI ^Jlc e2-e3 jx Alkali 

^nl^JI j.aAj ^1 lljlx <n e3-e2 ((JLiji^l))^ ihv 
AXjjJcill jLx pj)^ll ^ 5 L Al^J ^ i[ £ \£ J A ,i i ml 11 (j^i-J^ .iiLLzJI 

6-* js; ^ 1^1 . 4 .oxCL J OJj^Jl jJI * Q1* A. /\ L^j *. Qj/n" 


^0 AxJl^-O ^Kul)l 3_fl >M Q I 4jLj^-Lxl L> cJ l^)_l Jj 

. 1 ^ /.1 Q I 4 v r\K. 11 oljL3b.^l L 1 ■ s\~\. I A kJdolj^Jl I 







151 aI£..ia oLfljfl <^ll llAllxo «cA A kf\\ » SjLlXJJ * ((, JlJ Jo* A 


Cj^J L*-q 4ojojujJI ^LaAiLjI O^wiLat-c cAajAj 1 a 1*a LaLa 3 tlfl ul&\ 3 /p^_u 
^A JAa aar. oLuAL^J l 6J-A ^ a * ,<LuoLA SJL^A <^3j^_u 

^lio ^JLSu^l <JL=JI <3 C/AI Axa l^j c-d jtLxj t^ullJI 

gliVi 4 ft I dlLiifc 0^ i cJ^Aa£ jA_^jLfc 4 j pli fuAc 4j^jJaA 

• I^JajLj £Jj j*uo& <3 

<iAs <nl 4 * t <ou ^> Paul Dirac aJI^>j J^j 

La-i.ll ^JLaJI dJl^jJ JJtaj * V 43-m u->T/ jaia.AuCI A 3 3j 


^Lcu^l aLfl -(>LfcA 3 £-*A^ u' C5^' 


<L^kvll pL)j-LflJ1 4 a jyQ a dllj £_aj l*\ ul^JbAJ ^^jJI »AjJU Li 


4 fl iJnij \ U j iLujai.fl a N ^ Y N d\ mi i Jy v 4 _xaL^ 3 4j^.^j^_> Jla_> *^J| 

1 fl LlQ.J pJ 4jAJ 3 CjL-U-oLj^JI 4-luIjJ 4-uDji 4J O ^ JJ> Ij i^yu J.\.^.A 

3 3^AJI 4 jJ- 1 Ij £a jjUjj 3 43 a LSj pLAIj * Jill Jl 4 l^Lz^J IJlA 

^ £ 

i4^u Ju-^JJ 43 -luI jJ ■ > * jux ' i^> Q Q ^/.aLc. 3 ^Lg-il CjI^Au O^Li 43 Ja CjIa^Lj^JI 


-lu 4i-fl. 1 iW\ 11 ^1j.ia L) ^Jl 3 BA 4 j^.jJ JUCluiI <jA c j^.a-> aflj 

J^aIj All £jjJ^ jA Jl ujLkjJl Jjh\ 4jLg3 3 ^UtlA U 1 L^3j&JJ 
4 1 ^ tVi * *\* \ ^Jj vlw 1 Ij 4 aaJjlJI ^ ill ft f^yA 4a3a> 


31 La air. 3 jx 

p 

cAj^jla yvn ^Jlla dJI^jJ 0^ 1 frj 

/j S^«aL=J. ^-oliii 


ijjkisfc. (j <lJ| jLil 4jli tjjjjja. (CL^j ^jc. Lie. jj 

Jl (J_to_)l ulljJ 4_2k-iHjj J_c. ^_ 2 j-ouil (Ralph Fowler «_sJI^ 

41-kA (3 ^>JJ}(3 !•> (_jl / ^jnla /nC.1 i_fl (3 C-U-k. 1 11 Sj^_LO 


^1 


4jic ^-llcil (jjjJI dJIjjjJ C.w-k. 1 11 ^JnC-1 . pLij-iJjJI 








.£ N 4>a, a (Physics and Philosophy) U ,JiJl 3 * 


>Y1 



i^.11 


jLil ji 4jl £-gj 4 JLLtl I Jjfc (Jj ,6 Jj^^JI 4-ijJr* ill 4-tulj^ll 

^U — Cili jQ i^J.1 — ^L\\ l£uKu» CjI 3 ^ J£ 4ju^Li. Jl 

LoJjlCj *L$Jj_^ cJ^lj j^-uJI 4 4 6 ^)£ftJl ^aJ 

4-Un * >it JI 4 ^LlO.^ 1! 4_lxuLu/^|) 4,iqJ^ 11 JL^JI (3 <3jjt tCj^jLxil J-C 4*i 
JjuflJLi ^ 1 • * dl^_ij U^ *b X £1 ^g^Luj ^ ^ X I? 


jj£xi 3 (J^ £-JuLluI 4,31.i *.<cX 3,3 <4-tuiu djloj! L$J 4-noLij CjLj-o^ 

dS oL^Ljjl £^3 i^il^IU cj^jLxjo 4_2^JIjl-q SjLcJ 

Sa^lj 3j <> <j^S William Hamilton ^jiloU 6 j>L 

4_ij-l^ 3 SwixCLo 1^1 J^lLoU Cj^IjLa-c CiTiul <4 \t\\x 11 CjLSjLfiJLI uXjJil ^yc> 

jJ5^ cjijljbl L^-iLu^j 3 cut^nJl 46 . v*j^Jl ^J 1 

Ixujk^j 1 Cj 3 ^Cj Li l3 L 11 ^ LojLui 1 ^uiC £-uj UI ijjill I 3 Cj^j> 

J-Q JJX *— 1 /4 \ UIA 1 M II 4x.J).A 7k L1 JjUG <Lojfcfc LA 3 

> I Q U\JL> 

P *• ^ V* * * 

O^jLa-g ^jl — 1 "4x.^cia-o ^ClL^juo — dS^>-> J i.-fl hC ^\I 

<b£±u>^\ \^KA\ cti jUI , J5J 


li^jjLxl ^HJI 1^ /*l£Lj 4-u^oL>^)J1 4 x\ ill L$J r Cll ijI^xo 

, iJL^ ^1 l^l^o 3 A&yut&l] K nK Jl Jj 

0 P 

^jLu^JI ^^Lxuj culi ^jl jrL^G ^1 5/\^£ 4,1 Ijlxcl 


4 aA'nJa! j JL LLA oLl^XoljJ jJl J>C IjjL^Ll > ^ 

^1 lft ilc ‘ - r'- ; ?-JI 4 -uoL^ 

j I ^4a. a^ 11 CjI joLxll u^^5 CjLlLoC 




ji a 

Cjljj5>LiLa 


I JJ£, ^ 


L5^' Ul Vl>^* 


la-tixLo Quantum Algebra 

J11 ll 44 3t AjJoJI 4 LA.V^ 1 4-U^C 6*X& ^ jlj£.l^ 4((^ jlj£.l» 

J^ill J j -S “ m il {y> dllj-ij (^ 3 JI CjLiju^LijJI ^JLc 

4 p ^ p 

^I ^j(3 al 11 a 3 X 3 4 ^ 

Jjfe C\ t-pulqj Sj-g 


Irv.LjuoJL> 4 liiaL^11 duci j-klll 6 JlA 


i |) jl i /11 




13 ^ 


> YV 






J-c pLuj t Jljjj d dW v 

j Proceedings of the Royal Society l XIII jud 3 .i^Jl 

*» •*•***•• 

pLiuil - Jlill A iAI Jjfi^ . \^Y^ j jA.ft /nj J 

4 l^k 11 I ,^iA) ^5lJI - SwUtl^JI 4-lj-lVJI 3 ^ojLixil 


4^k m\ £j-LJ^jLa .dJj 3^ Cj'^Jl m £-i-£u £Cj^XjI ^ill 


dJliLo CjI^S J-5J)) I4j=^Xq 3 O^J dl^Jj 4 _la£ Jlill 4-L*^ 

^1 i ^ [ aT\ I 1£Lu15Ljlo £jC, 4JLol^ 3 (^jLaJI /t 

3^3 (JaAsl (Jlillj) ^olij 3-^ 4 j^ju^ 3 d2u dLlfc 

3 o^ ill dl^jj k.^L>Llxjul \ ^ Y'A 4 Xlo 33-^ ^Jlu^jJI 3j *((.L1a LlIi^jL^Q 
Jlc ^iJLq ^lJ 1 4lJLtuj l$K Co^£ t4 fl Lfl Jj 4 ,a.4uL^> c/iJLfl-o £j^I ^0 iLcuixo 


oli^dju^A 11 3^3^ ^xk3-tul dJa pLiSIj 4^3kjj 1 ^ niluxil 

\ *\ Y 0 4,1 uj 4_iL^J (J^.l.^ ->^g t kfl ,11 SjjJ 3*1-* 4 J-i-u.1 xuj Ja-udJLi ^.ijj 11 

\jbJ\ jUX&2 CjLuUi J1 L Qildl iaj)]^^ ^Ajti jLLxilul (jl U^lj ^o-usl 

d3j 3_C ^A*UJ 5 J_J J-2>. 4 Q tt- 1 ^ Ui.<lj^ do vfl-v !1 3 

4 0 11 4 n^L jjl LqI 44«ul51^j 1 Jja 1 «Ai \ 1 fl * * • U q 11 


q cdl£ jxi uli 



l^ul^c jL^ul xk-S-uj 1 1 

4 * 

^-4 11 .Q 1 4j}JlxiwO CjLo-uj 

M p p 

6JP JL^-fl idJj ^Luia->| (3 ft <~i 11 4 _ulJ ^IpLuaj j2>l (j^oj ^^>^5 


6dA jj .^ j>aU 1I Jj^JI (J-C. ^oj P> Hil l j Sljl^Q 4 .allrw a jjis 

( ^ l ai ' I ^_fl1 jjQ £-a ^jjisuu ill 4 jl &j JILclj 3^-^ ^ i-l^k i 

1 4-fljj.Li 3j . «4j^l£ Sljlxa u_Luqj I3|» IJ-i-uu-Lu 4^Uj 


3^1 <3j «- 4 -xj j I dill 31 :dj-^33 11 ^ a<im 


((d2-d4» 4^1 at i) 1 ^3 m D \ gad L»3 ^j I j Li^ j "v 1 4 _i^j^JI jiaJ 1 


. N ® *\ 4-rv fl 3(? tA Lp° 4 ill 1*1 iLo 

_/CjtA_JI rt {{lk? — tfCl) j tPl \ 1 l*\ x \ il * ^ yr_m_JI L J*bL^-| l^ * iK a^ i^ua J 4 ^ in*> (3 ^ 

43SL*JIm ^- A -mJU ^j’UtAjJ 6jJ i^> J^ayQ i >i( j-^ i n 5 Cj^J^A-o ^c^LihJI 

JU^Jl JLLq j .Fundamental quautum-mechanical relation 

.dl^j LLq jjl» 4dl *^|| *^JI ^ * *1^ ^ ^ ^jC. cJi ^_>j ^JLfl_o j 3<3 1° 3^® lj 


\YA 



JLd JJ 


OwU 1 /afl i oLc^JjlI! [\ 4 0 TiA o u-Lu^^JJ ^j-lo Ja^Aa 

fl^JLJ 3~^ ^JLc 3 LoLqa^j^ ^£ 3 ^! 'wii 4-1L^ 3-° JLflAAI 


i-LxijJI *^3->*l cii Cy* Jj^iuJI L^a J a * >) ^aJ I 4 >o \\.11 3 ^ LxaaL 

4^ v>* L>jLiIcl (3 Lij-i*1 Ijl LL^jl^^ ^A^l ^ ucTW .^aJI 



illlj-jjJ ^ II 3^JI 31AJU 3 .^Jl KLuKJL 4 Q fc Vl I oLcl wJI cllj 4 \ m i 3 
*■% 

Lfc^^Aa ^aJI ‘ -^ ^J) Q 1^11 4»ij^i3 LqI ^ 1 a j I 3 ^ Loa 3 iflljl 

«* « ** 

dJj £* J2lj pU>^ L5 ^i 3*1 j &3jL*a>j 3 j^ 

*.iJUi 

dll^jj J^L^. Ua\c. 4 \*\ ijLoijj S^^-xLI ^a^I (jAij o^-L^ 

1 3 \a^ lJI >j j ah ,4a 4uudL^JI aSLJI I^aaI^ao (3 4 ,^UJ1 41 \ i.ii\ H 
•* * ) •» ** « * * ** 

P / V P 

3-oj-^ JL^.3 ^LruTSLi (oIa^aJ-v qLoAaaa P^jU^JI ^j\ S^flu 

^ Jill I 4_LAAA <4A^jljUG <3 jljLC^I ^.sIa £A3 ty <->JL*J1 Sj^JU2> 3 

Ijl 4jjt A a 3 I 3j ^1 Lo iA 11 l.ojVc ^3* 3^ ^ ^ S3J-II 

3 clII^Aj ^-OAAJjl^ il^J ^y^2> l, .7fcJ 1 I L$J Cj 1 .Q 1 /Iirv J^4U 3^ * 

ilJljAj qIa Lluav Cj^lllSaI .^Jl L<Lul^AO 3-0 3 j^aio^ Sj-fcLLiJ j^lllSu ^-J^Jc^ 

^aIAJI Lol Qio a ^.LSj^Lj 4-C^Lj 4a*JIalo «^.o.. u.l5 3[ 

5 

^ A itl >3 ^ 4j Jy-^bLA lo 3<1-oa Lo pi 11^ jdCLQj O^^LsAl 7\..u.ti.j Q 

^ p 

u ^ «l^-jLL lua 4_j )) 4jlaa1^J1 3 I ^Jlu Lo LoLoj 4 Aoajl 

c-^-luJ 3^J — Jlilil Jao — LijLJh^ 4aJ-^Luao 3 ^oa ^jJI o j^JI 

4 \ ^ V oli pljpAiJl 3 4 a 1 -g-ilJ 6 ulA *aju 3-0 'i! 4 j^A-ll 

«*• 

^-1 Jj J- 2 k. l3L<juA^ 1 ^oUl j^L^Jl 3 c 1 ^ jLJtAA 1 ^ 


c t * ^ c ^ 

(_j' —^1 Jj-^ aj ^J-fiSll 3 ^>1 ^ iii U K v ft ^ SJp -033 4.1^wal 4_L>Ltxi_i j ^L) cJljp J > AiOJ 

Hamiltonian d r^>lt^i & Sj>^-l^ 3 ^ c -j ^ d x wiMOl jL»-U 4_l> 1 in > > ^a> d ^ >-v 11 ^*c 11 Lj-c 

4 4\fll^-Ll d X t ■>.iNl*y 11 _\ 1 •» j 1 d r-J t, 0 ^_£, f 11 di jk> ,^. a \ X1 3^ 1 jl_*J*i!i d v > 1 X~ ^jIX^ 

LiKj .L^jjlIj jl pjaLI ^j£-oj 5jl5)|l i-ilx. 3 SijLi-a ^iul^ j-SJ» :cilj aju 3-*-^ ti-xj^lLoLA JJ 1 $_L^_^j 

3 Lj>^ f C)1 ciij 3 Iwi^- mi l ^_jlX jaJ . L^ jfc ^oJc J LLo 4_j Ll^ 4 X ^ ! s youdi iX_iii_o a>-1 

^k.% i q . 1 I 3° -3^-11 uili a jllo ^Jllil 3*3^^ ^3-0 jj^-»-i 33 ^ 3° d_uLjJl <l=*jjJ) 3 ^ 

Directions) v pL>33J1 oUU>') 1 «.d_»jlaJ1 ^>.jjJ1 3 -° ^LaJI Jj'ill i^jjJI 3 ° 3 5 ^ J 3 jLfl 

.(in physics 





J 4JjS jrLfl ixa LAiI & & a \ <u^L J\ 4_l1£_JI ^JLc ^ 

^^-A^Jl Cj Li^ g 4.^1 1 IX ial^-LA oljj *4jj>.^il 1^-^tSLkll ^A^JI ijJ-loj 

oSJ •CSJ^' Jl 4^ c> 4^0^ 5jj^ c> 

‘T^ ‘<5>=*^' Jl> Uj i n^ . l 1j (jl jjc Jfj^ l5 j t>- IjLa 

Sol-^j^ L^i ^SLalll 


* » - | * * 

<U^U 


UfrJ 1 J)Jcv A (J1J^igj Jkli ^.A^LI I uLi ^Lu^ll l5fc ul^XQ dul^ LaJIC 

I ^a yU^JI dlLl& <4 ^oJjJI ^^p-umO 4.* ^Ijltl 

^j-A 6jrA_A^J (jliXyj ^ 1* H <jl jjLUJ .|4^JI ijJ-Lii Jl^-A (J 

4a[\^ a ajsI^a 4_qJ.a^.a jl^fll 5t ^ a o^-q.Ls jifl il^jljl (jL^- 

** Uk 


1\-va ^yZ± Ia-<L 1 «* nVsI» JJ9j i4-4uii ^ fl loi 11 Sj^j-^AJLs O-i-ijjJ 

++ 

N^YO ^Lc 4 jL^_ j ^ .IjLj^iS 4 ,mlA-J i <3 6wL& 

<J-C Oj-^-li j5 CjL^^a ijjJij dul^ 

4 x k ilrJI Cn i a 1 , JLlI i^oxuLaJI 4jj. jJI lj ^LaJJI ,\l n£. > ro^o 


•%* 


£ ^j£- IjjJLJ^ 4 JJU 

[<:.^k..i,a cu^ a v^i> _oi ^j ry*\ i 




.oU>.jll 6_^i 


(j-o i>1 ^jC. jJj qjj ^j-Q 5^*\ QII 


fcj! 




c 

IjluJ 4j j . ^ .. ^ . a (_JJ olakjl Jk^ 


^LoS^I Ig \lc ^jl £&\j I 4 J ^xi-J^j i tm y^ SyCLo 4ji^ljj 

jUU dJljj Sj^fiJI 6 j^j (jj^ ^jJI ^t> ^LLixlil 1 1 , Jli-ijI 


^1^3 I CjL^.^-a 4 fl 15 ,a CaIAjJ ^i-ll 4jaJj-^jJI jUcU 

•vfr 

C^flje! U c?^ 1 <UYo j j><ikll ^koi»\jl a. 


1 




jiucl LjI» : J_>jjj > J^C ^Llililjl 4 jlS 

^ li Li ja-fiJ I ((>4 i i iii± J^.^a I Lq 



o 3 o Li ^ ft i 


£_fl Jl! 4-X.fl l£ 4 *1A julj^L SpLcuI Cx>L^ \1 wau I l_^_> ^JclXJ 4.Q.K 

.1 (j q^j,mu ^hJI 4,a.\ a 1 L> Jj(_£ j oaHI ^1]I oIai/u^jII 4^ulj jJ 

*4 " «* 

1jJI 3 *-^>Lj^JlAJ l ^jA_) U^i-ll Jj3lLt ^^ "ill J 


^ 4 .x^* jIaH (3 3^5 N AAV 4j /u jia^ i6 jl* j.zJ 1 ^5L1) 4jjJd-» 

dt^\l L j-> ^kjiLLc ^ciC t^xixjl (3 4jLaALmA ^ 1 r\C. I J-SI 

N *\ \ * 4jLto j]\ <L^.jJ J-C »4 .ju&A^1 cUlS <J1a 4j (Ju^l ^.a.Lc 

44 

«_■% </V\ 11 ^jA^j <3 ^Lj^Afl II jLlxul i^-udjla \ *\ X N 4ltu JUuo JjLlZjjj 

ijjjUl Ja^II jjll^LI ^a 1*JI ^IjrL^I) (JSL*m,i ^jJI 


4 ia$L11 4 UMI 3 4.1aA l iu-o 4 a i i_U 3 U Lc£ 4 .5 Jj JjdJI 

* f. 

oLili^OlxJI iAjudIIa 3 Lluj j^^JI (Jj^JI J^>ilSl 41 a ^Ja^Lo jA Lx£ 


Jjc^j clJl£ 3 'V-U 4-C. 


Ija15 LaJjlCj ^jiJI 6* 


(JjIa <4-ia^jJI 4juLJ>jaJI ^jC. I Q ! 4aa^JI 4jj1Vi11 


pLj^aaJI i *^1 4 Ifl aaj 4ujLjjaaJI ^.lALfllL Id l 

<_>jL=*j i pL^-iA 11 file 3 4l^JLc ol.o in ^A^j toL^jll Q1 t L*w n .t 4 ja£JI 
jQ Q llj JuJ jdaJI ^wic 3 ^ 5Jj,Aa, 3) jl^jfi^l J-U3 4lLlDk, JIjId 4,>i ^ \ 11 

pLJaUI £l1a J-5j 31 ^L=h. <2 >a 

4.J 4^dUJI 4a^j 1 1 Kyg<Ljll <j$J ^SKiUi J^J 4 j1ac 51J 


.^-siic ^-uillJI ^^Lll eii ^^a^lill ot 

C)L=^jl)j CjLj^1 41^1 4 JjjJdJI J 


1 J^ oL>.JA JI^IdI jXpiyij J;1 Jj ^ SjjJl Sljl ((jIjA (J)) 

4-j-oL>j ^do J^j^L ^jULuj! •<(4a^^a» 4 i\ \ JI oljl^xLl ijlxo 

Ijj^ JlLo L^j ^^a-<jll 11 4ilkJf oLj^axua ^LadJ 




JQJlIdJ I 3 Loll ^LA 3 ^ ^ ^ CjLjLd.1 3"^ 4J^-1^D-dJ 4_^l \ vH 3 IdLo^^L O-LuQ 


JjLDb.^J 1 J mJ I3 4 4jUUiL> 3 Lll La ^ aJ 4 Q \ Q 1 1 3 J * 4l_3 jjll I jJ I 

* H * ** H 

3^3^^^ ijJyjLil 4 ^jjdJI 4iLlniA 3 -^L 4il 4 Jaus pIj^ 

L^e-^ 0 u' (lAJ-^o) 


LLLa C^jl IJA ^ > Ij^Aj .\^YG 4 j id Jjo ^3^ ^ 



i J^L ~ v l I 


^%Ixa* ^)-a ^jl 4 _ix_>£ 4-ilc lLxcLl^ dlljjj nil 6JJtJ 

s 

s^ilK LoJaC 5Q11 j5j <tSjl^JJ 4_Lol^j d v5_U\^\j 4 ..u,/SIjj 

4J>I <jl 4 <_£j iijL^jl £^pajJ 4a-ujljJ 4 fl 1^. p!I"xI 4*Lq 


Jx 4.V\^ 4SLiLoiA 41,1X11 VH Cj \yOlSJI 

t^Lalx ^-X 4 \ \ in ill Cj \yolSJ I l^j Jll I pLui j^\ 3 jJI Cj IJXLxu^q £-o 

el 411 iin 4 jixL^> (J\j-lu (jLfl i±xj LojjJ kJljjJ 

'^4_lo^_JI LiSlx^ (3 ^Lai^^U (j<yLU S' .ajmU 4j ixIaJI (JiLc Q.i<ul 

4_Llu1xU 3 " 4-J^)]^> \ 3 oLxXLctJuO lj£x^ 

j £j-y^y lx Cj^ LLo <_iLie. I (j S^iLbo uiljj ^ ^ T~\, ij-tu entail 

.dljJJj u' j j^J 

pLixd ^jl Jx CjLxj^jS Cj^jLx^q Loj 

Ullx 3 4 a5 > 0 CjL^j-o v QI jLxll ^j_o L^jlj lhlx\\ 
%% «% 

I 3-OJ^J ^!iJI Cj^jlX-II oL^^-O ^1 * -Lv 1^11 1^ Hi Jx uL^J-O 


11 


Lj>jxJI 


iSJ ^' 






4" \^-Us' ,_J 3^9 ' d til i i ^ .ill t a ^j\. r.11 


Sj^i £j£j 






iL»jjr\£J*iJI (j^ Sj£-fl Cut^ tdJLjJij 


L^-XulxS O L I I^y Q _jJ I C.1 > /~N 1 <ll'll) 


.^i (Jit 3 


Jjl^ CiJjl jii <ciij ^_aj iilfcj JjSi 'IaJu dJj 


(j-o a a l*i^H olliJl (jl Lxi^L>j — 6'J.j ^xj — Carl Eckart 

4 fl 1~>k o j-C,' ol ^ yj L^jlj (A 0 tfl~\ II 3 ^ (3 a 1 £-4 4-J.fiL^JL q OjI^ O^jLxll 

O^jIjuo jaiAnj Jci^ ‘dl'- s s 5 < ^ jah ^ ^JL*J 

& 

4_fl_j^JcJlj i.fl/i ^k_tul_^Jl 3oLaJ3 4-iJjLkjJI j\C. i5^L»JI ^jjq ^ JJjni 


>rr 



i "i I o La o l 




l£-ul5L^ j U-> o'j 4^ U “ i a ^ 


iL»icJ! j 4 -K^ixJJ 4i n^ U 

** •% 

4j 1 aJjaa ^l_*_i_Ck^s» U-i ‘bj^-’ 


Lfl iAA> 


s 




iiL a .U-iAiij «oL>L^IU Jl Sjjj^AlL 


JLU 


4-1 jJcx-J 


Jau^L * J^SlI ^Jt p^*ll J*- dl^aj ub 1 

** w , 

1*C \\' < v *a j Jjli^Si-uCxU l^_ijl^_i-Q d-° ^ ^a^JI 

JjJaJI ^ (j! cT*^ 2 ^' ,4-l0 ^*‘ c£l\*& 

u; 2}\ i^jLxil ^ iiJI Jp^' ^^Lsdl 

*• 

^jjz ii^ilo L^j^jLao Cul£ t4_i^jjt ol ^ l ) gw/a ll-J l. ^-a ^-S ^ (j ^ 0^ 

^1 t dLlj 4_>Lii Loj -b^®3^ pL^aaJI 

^LJSlI j-i <uxii> tb*^ 

.jjix. ijs* J-c pIj^JI Ji f^b^' pJL*J 




jt) .Jl.Tm^ fJ d^J J ^Uil oI^-SH L.^d lj[ 

L^_jl o!Lu )j <^iLU Lkj^Isi cj^jIaU <j^ I5d>l^-^o 

SJjL=^ Jb ^ 6^ 1 J! b-b-^ ** i ^ Sj ^ 


^ (JjIJujU jJj o Uw u aH j oL=»-jl' ' X ^S i 


<0 j^c- j JjSH tjy^J ^A* 0 ^“* <^b J 

dpjS ^ _ ^11 JJj J cUj^ ^ ^ £* ~ ^bV>[ ^ 

^jL*il d-a Sjl^-Ij i>i t^bj J^i s^ l^j-aLijjJb dbb^ 



N VV 



4 -Uv fl I 


(Jj^q lo <Sj-^lj 4-oj)l^\r> (J p^.ijgJl £-0 1^ uK ioll 


Ca^^JI (3 a ^ j j .^jlLol^J ^ikiaJI 

jLuio (J-^Q 4^jll 4^^ <pj) j^JI ((4-*duI» (J^jq ^j)^.flr> 


Oj*l\ pLJhlA { Jjc- 4aj^X CjjI^ 6 6 )£-9 .l^i^all cl C)t a ixoa 

p p m 

4 4_-UpL£Lj (jj)i.l,oL& tJ-^.1 L^j 1 ^aj 4-jl 4^.jjJ j^uC- £-ujlliJI 

SjLii — (3^-^Jl ^ \ * 1 L> — cul^ Lad tpl^A Lft >I S^^xJI a.va *. aj 


ml I ml d-ij J-fiJ ij.^1 Lft.lk (jl 4aJ^£j 


— i * 


u 1 



! 


\K 


C>° O^J (jj-^-H (j-e t$\ ^a. 1 [ J^ajli <jl 

^ M “ 

K^Kxll 4-oPI^ JX. owLXJ J*ii L^'j & u/Vil 6 JLL J! 6J-& jkVn 
^lULfc ^jj ^Llaii^JI (3 Lij^l IjI .iijUl oLJLojiJI ■—L^p^J I 

<3 4-iJLiwO *61 X b £? X (X Lfl-iS ^jJI 4^,<^sLj^JI j/~yII ^jrLad (_£dll 

JU\SL <^£U1_lLI 11 IfL-L-llSo-O ^U-LU^jO 4-jLj ^J^loU. ^ * Ij J\UJJ 

oLflj),.flj^l I 1 £LuI<Llo e/o JaLujd -Llirjl 4 


Ull c*5*JI J 

dljjl <3 Lk=J 4KI dJj JjLflJ ^L&^o dl^jj uK 

J — t)^ — 3 ^ l.<uOLi..lo LiiLU -V-Q-Q tiiljdl J iaLuj^l 

b J^j 6^ U^J ^ dll^j i4J JI^ C^-> JjI 

J-aLmij 4 <^yz oS^* ^3 .j-uLijul 

ii^Jlil 4 -la^jJI Sj^j^JI <xo^Jl pljj-^-flJI (J-i^flJ ^4JjU.o ^^Cvj j 

p 

Sj>^ 6* O^f fJj iSl^llI jjdl Lf UI 0 UJ 


^)l \ (3^-SJ ^jjuLxII 4_j Loj ,5jjJJ 4 jijIj 4^jLjHLfl 4j 


JjLa-A^j JjC. iijJLil Sjj^-unll 6 jJj-o ^JXl 3 ^ l^ iiiQ\ Cj1^3-U 




4 JU. J^o 4 ^o£J1 Jl5 4jI ^)Ja 

((Jlij^jl)) ^j\ jj)^ cj^J 4jjJ^j (3 cjLsvjII JLi.jLi 

^4-iilj j) ^ 31 \\ 4^1-ui.o p^oiSi 4 JU. ^1 4ilkU 4JU ^ 

«% 

4^-jII (jl > u - "t -x j J! 4-oxi Jyi) (5>^! Jj. 6-® 


LoJ^C (J^-l *1^,3^ pL^. ^1 6jLoU 4^^jo ^Jb 4 fwjll 4 j^IjIjlo (3 

•* ^ «« 





3 JLcSlI Cj iCj^jLxll pIj^ ^£>*11 IjJa-J CjJ^\ 

l^-ii^o^ lj I.I^a U^ ^Lua-S (3 4,,i^i^u < !bl£Jl pLj-l£lILi JaLfiU^^ll 

Jjl 4.1A. 1 wlI ol^jll s5^ 3 ^q-> <. M fl i£.5 i4^»^ll ^.j^g.Lo 3^ 


3 ^ <jjjJI SSjjiLo 4 ^ i /> t ^ ^J^.lu JJ 9 (j^ lc£ jAlu _^-jL>. jl JX- Jji^:> 

M 

^L»,ijj| 4 x.i,vk yuaiiG ^jua^ 3-^ xu ^9 SSjjJI Jklj £- 5 IjJI 3 

j^Jj j^Ij Lcj 1 j£ A^ oLa*^-A ol-^» 1k > J^-aj^l ^-ta~31 

3j ^LuQ^3j O^^UulII b±& ^jLlJ ULO> <^)^Lq-JJ^ 3 OAjJl jAa.> 4 Uun £\\ 1 


c5^_>?^ ^3^- t fl fl 


— (nkfl't Cll^-^il (jl UV^ ^ 

oL^^j 3 , 3 ^ 3^ 3^ ,A i ^ oLu^IjjJI o^ki jSj ad!^ jJ ^ jluxl JiLo 
5j^-ua (J!a-clj 1 g VCJ <4^ j\l\ k.u.1 Jx- cjt5^5^JI JlLo <£l^iJI (3 4jfl i£a 

^Jj£b Loj mil ^1^-flJI ^XJj ^->,20 (J oLiJ-ijJl 3*° Sj-flJL-o 

4^-oU* 4j*di IjLxjI > (^!!Lo 4.aj ni> Jjl <3Jj 3-* l^-^l 



4-i jLaua 4 U> i 11 \ j \ 4-Qi^j 6^? -^J ,4j 


£l>» <3 

tjLauill J-uu l tfcC mi Lci^i _^o'ill ^vlku ijlju^ll ^j'^Lj 

*+ ^ 

tJ^auSli p in^w 11 ^ixnil Lol i I J*£ tjlxjl 4X-aiJ Cjtj^jr^JI ij^Li ^ 11Uv\ tj 


i^\ 4aL^JI 4Jl1 p^l) IoJjX fl 


Jlij l^j-<x-<iuCk .4 -ojLS JIsGlui 4^a^JI q1jOQ,1I j t4 1 a Lljl^^ 


UJ^ )) !4x->jrUI d fl i-Q K CiljLJ^J £-4 HJLc 0^11,1*1x1 ^HJl "k 1,0 

CiaaJ 1 11 <4 \ 131,111 4_xaS 1 11 j Q Q11 4-kl aX ^jJ Lljl ^icl 

... <4.ct.<u.laJI j pLj-lcJI 4.1 (3 ^ 


LlX^Ti t-afl*i£J <4^0,1 m.^Jl bjj 4^jll 4 -i.^1 j Jj^jl oLl^xLij 

.^uilj^>Jl laJa^ll 3 (J^-iSii 

jjjj ^liJI 4ifli5^ 11 4 -ijLij-ixJI ol^^jll Sj^ua oi^ *^>3 


^IJI 4ja^ 1I O^ jl % aU J 3j^ ^-flLiuJ^l 31 iOlj^Jl 4 -j^jjI 3^5^ 

31 (JJJ1) Jb^ijll ol^^ll ISLijI^Lm J-xj aJj .Lk^w <4 jojlu1 Ja^I 

«* ' 

J-X iOl^^11 ilSLiai 3^1 .ok^XLc^ll 1^-ul ^ja 3*° ^^>^1 6^iiJl pjlx 4-1x5Ij 



4_1cl£ QajJ I 


4^1 .£ 03^03 u-i^JLc P^Ii ^IjjkJI 1 \'-waaj oliJ). 0 .^ 1 ' l^-ui^_i-o ^ uSLc 

jjl 4JLiiL*. JdX L 1 X 13 J tfdll U-S 3 -ILU ^xojaJI ^Lv^.Jl 

u^JaJI 3 “° JLu^l 6 JX OJJ 5_9 .^^ 03 -JI 111 lx. ^X 4_J^ «■ o 1 ~ 4. ^ 6 ^iUI ^Jlx 

(. fr t ^ t 

^oxl a q q 3 ). ^jl jfLoil 3^3 iSAjLtuI ^1 I 


4->a II 4 x a \ laIL> fl5L*L> dLxuojJI jjx I^ja^.1 ±& l^l^ 3 J ^Jl 
CjLa.^11 d^Lu (3^ 6^i^>£. La <jl Jx ^3jJ-5 3-° <dlljJ J 3^^ 

Lcu-fl .i.u.i.11 3 X IJX 3 4 & 3 J-II dJ^-LuJ S 33 .ua ^JXj 3 X 4^lo^-iJI LxSLxa 3 

<_ilSS> - ^a^JI IfC-LjK i n 3 \ iIrVt 3 5 j-vVCII olj)Je2>^ 11 4 j 1 3 3 Xu 

^Jx dlljjj 4 J^j)^Ia mil 3-° jy& 3 — O-jXaJ! Kll 

«fc 

<( 33 ^ 4ajjJI ^jjq liUol (j-^dJI 4_uljJI 4 ajjJI 3 -° 

^-ulj^-Li 3-° (J-^^ I £-^3 31 3 ^ <Lolx JJO3 ^J-Jl Luli 

> pLi^iiJ ^ojLllkJI *k fl.lL> 3^- 3t - iJ Loxfl Jj^-SJI Q1 i i >^juX 4-1 L^j 


3 ^ (jxiljJI uidjJ 3i <4ulxX 4J.4 -lu^^ 4jjL*-o (_£jl JJ &3 


.4 1 \ lll^JI 6 JX ^LkU UpJjLUJ^ 4 lit 3j) 


u-SJI 

•• *♦ 

CjLljj^vlX Jj^o 4-lLoJlJI 4 \a \ 1I PL 3 —ixJI — ^-o^JI ^ laII 3-^ oLu-wLlu! J nTv* 

iSJliJI 6da> ijLg-i j i)jJU jJi <J-C- — 

4-XJ-iiaJI 4_ij-au l L> ,.ilj 4 I 4-liuuifiJI jinn'jl LJ 


4,1 m Llu^ I JXI^Ll I ^ J 3^ LJ ^ dij i ^*S. 11 ^J lx 3 ( 4-^. 3-0 j 4flWn% ^ 4j^h- 13 I 


.(^Jl oliux3 jlacl 3 

40 ^3II pLi3xfl3 oLo-ima.Jl pLi^xfl ^*3^II (j^LJ33-ixJI 3} J3i 


0^3 


3^^ > <_ix^3 L1X3 iL^-ujxj 4^.3 jJLi Lua 


^IxkJLcul l^ujlj^II 3-° 3^j »_fl33_lo dlLlX 3^J i^Lol^ 4 jIJ j ^U 4 —Ll^3 3^ 


^ 34 x 0 ^ 1 Jl^JLujI >—kiu*!^I 3 ^ 3 ^ ^ 33-^1 L-i33-1^ 3 4n^3^xo 






jjjjAjI ^Aaj 


irv 


Cjli j)Q 


'il -(i>L) 


<3 4*0J-ai^» L^jI^ illLoU 


.ISj^lj SjjO 4^^Llu plijl ^^jr^J^ll ^jflJrV) 4-)^>^J ^ljrLi.1 <*-5jj-Li 

4 v iv^vA. /Tt 1 ^j\l,4^.4 Q 4 ,0 \, inrvll^ 4-^^il ^AiiUJ 

.complementarity S^h^lL 5 j5*11 











Mil 


J-C 4_±jL iJ)_ kilJ I CjlS^S^JI JjliL) ^gjJI P^julJI 4_ljL*-4 3 

** * ** •* *» * *“ — 

'-r^ (J! j UJ^ p ^b -^“*4' j ^3i 


<U^ala Jj^llJ ^jjUJL l^jl^ ofjjl L^-iJJj^lJt CrhH^3f^* £* 

£ c 

(J I diol m.\j ^j\ £-L^LuU <a>^ oHj^l 

p La * 4 JILq 4_j1 £-o l ((4 iQ *Q » Jl>Li_9y^J[ <Lz±^jCi JjLij ^gLxa-> 4-11 jJI 6J-A 
cjL=*^il jLa-c ^1 >a 5 <^1J3 L^O-^ 3 0’^Lij-iiLll 

^.4TV..l 4-iLiJ-La JjL^- dUjJj 4(J£LiJLii1 ^JJS J^IiSLII (J^j 4-4pi^-4 J&±\ 

CacIj jl 5 L^k^JI ^1 I qj K ,L*_4 ol a v/n^vII 4^.^11 illj 

*% 

,a5 4-jI 4 PI 4 * 11 L-> jJ._v^v 11 pl^jl O^IujI^9 


b^^UHJ LgJiSUj *4 iQ iAa. CjI A 4 II (jt ^ uj^? u^ 4-iLuJL 

((//^ 4,4jfl 4.5 Jj jl) 4-2k.^ll 6 J-<!u (jJ_j 4^^il 4 la.,ujljliu3 jl 


4 l^fl'i 3 4-4-j-ajj-^JI ((^Jl^3^)> ^yul \5 4 ^_a> pljiiJI ^^4 4 La a a ^gl (3 

>. *• 

J ^1 4J iSli J?k4 


Jj-4 4 <U lil^ I 4J 1 LjJL i 

JLol^l i_ jLlll^ t>> ^ Vt<A" <Jb ^jl 'ill 

p ^ «. . . 

6Jjfc J 1-4 i—4 aa^ 4-J^-^3 <3 ‘cA-*^ 0 O^* -10 ^ 

t^' ^ UJJ^I L?l u' Sj^i-ll 

^ »* ** — — 

(>°J u^i 4 ujj^^ ^3^3 (>» J^l' ti Lo 

p ^ J, 

^^lll ^Lu^a.^1 JL. £-£1 tj Ijjl j^- 


(jli il^-il^jl £ 5 J-y -*. 11 pi ySi ^jslsJaj (jl «J^">^ il» ^Q 4jl J^c. (_y^\~i 


L5 lxiJ1 ^ ^xlilj^Jl jJlc ^a o^-i ^;lj' L P Cj£- L)J3i ^30** 

. JjLiJL) 


>rv 







uJJiJ JJi J^-®' 


1^ v\l< ^ c 


Ni i/^LLq ^ErJI aJX 


i ^j ^ liil Jx cUjS <^^33 p<j * 4P J c^ 3 ^ 

ujj^)!* H*-j P J- 6 - ‘4j P i^Lo jc. J-c- 6» 

^1 ^uLxfl jJxiAj ^1 x\ > IliU <£jX^JI Jx i*^La£ ^ i^Hxo 

Aq a I Ap L-uLluL^ (3 «Ugi?fc.li)) jljuLo oC JlJ Jjfta .SjjjJu 4 j8Jj ^ ^1 P (3 -0 

** «• ** 

^Q 5jrA-i-u^ Jx iJ^jll A >=JI ^JJuxLjJI p 


1^1 Lo Lol .6yui_JJ 


^ dLU 


LoJ^a /2.TC Jx Loj)„ u.l5-a 


f * 


Ijaflj <Jjfil IjS> <Lg ji-m^. 


^J^Lio Jj jlc. LiiU (6 JLjX<2u i5jj 4 a^j ^>AJ 13^ 

(3 Lg-JUiiLlliu IjLSfc. 6 Jo-Xj .^A\4 _a iA" ^>5,1 JI aJX iS^LaJI 6 


^ ^ *Jb\J -< Aa\ 11 \±& ^)JQ oJilil 




LaAll J Ijj^-u^a (Jj-oj 


IjjII <Llc^Lj ^ 4-jI :^£JI ^3 

J ^ \Jl / *J5all cdJj i3 L®-* *i2jj , 1 1 




d <3 l O 1 \ ^ / d ntfl> 11 


Lup^JI 4 j (_^aJl jIjjqII <jiLpJI ^ *x <5 l iLt j tufl j 


A* AjuxIA* £.5jIU 4^ utLajI (^1 jl 

<> ."J -v j^-1 \ Lol ,4 JJj .**>1 /s t m-vll fl <4ot m~v11 |j ^> l l i fl *> 

Ojlj LoJ £j ulLLoj LfrjU t4 SjflJ £-S|>« L$-l (j- »^ 1 fi 


(^iuUI r Jt jLa* h ,> ilk \'j&. J &i qj p £i JSJ i * 

j-^| 7Tj TV \ • X H cL'bLi sLul^ .<lfll£ll isjjfH j5kLU 4jLi^a\_^J1 {jA jyi>+£* 

* 

jjj LoS iSjj t-LLI f-^3j C^J -4 o- 1 ^ 5 ' tv ^ ur^ ^ 

ji jLi^ll ^1 ^ TV ' \ % —J i» jIaa La A^iJ a tj . iUH *4jjUxll J4X L^iS>^ 

Oali Ijl Jaii 4 aq a ^ ua) 4j^aSJI oljrylil^ iLajIj JL^JI LaSj ,4 jIa 1 I I 3 J^-*" (jf^ 

.vllj^Li CyL» {jA 35^ OalS> Ijl j) t4j^t£Xo ^ 4 jli-A I 4 J Cj^jLtll 3 


>TA 



O LxjJk I ^ Cj irfTll I 


Ij 4 d A % in^ 11 d^fljJLJ La ^yoJLi 4 £-51I^JJ d J^l | O LaauJ Li kllifl jJL/i 

^La-kxa^JI 6 Jl& \ oLojliii^JI i—flLu.Vs'il 4 aa if> 1' La i 1 Lfl 

j 4 Lai IJ oL^^il CiU.^11 l M Lai tLail J 

•LLa J J 4 aa..4,u ^>9 djJ^^ djLi* 


^£JI ^lxL^.1 Lu^cu <^JI pJL*J LLc^.fl 3 4j-ajkl ,Jx j^I 


<^JI ^Jlc ^j£- 4^51^11 3 (J^ 4^^L^lJI pI 'ilj 

^dxtl ^j£- Q^w i i Liil^ <4 ulo^-l 11 LxiL^JLtuj ^aJI 4,lj n»Sll 

l^a^iUJ 1() i o (J^auiaJ «oLiL^.L) ( JlC. j «4^jJJ j ((^a^jJI)) ^Jd-a 

*d X % ,..Nl< II cLij iq II 3 dL^IT a ,_j jLaJllIj 6 JA ol^il^i.^a.i 

44->jjJI cA iLqaJI i■ fl uZ)j 3 J-ojlj ^ 4 pIjJ^I ^1 Liair. £-o 

ijjjJl oIiI-aaII ^-a jJ^IjiJI lliic. ^jl :JJj Jx. Sjilc Jl£ jlSj 

ai La JIj-loII 6 ^>li^l a ^ 4il ^ 1 x 1 La-a <1^ JifcLii-a U.V\xn 

j >oj T'jS* La£ <4 Jjl4 a-iIxLluj La iLg-di lVk*i ^ Lajix 6jjJI 


>5 JJ"k a 4 j^^j (j^a Sjj^^a 4^-iaj ( Jx (Jj)juo^J ' JLai^l *^jLujja- 


44jilxa^Jl]4^5 jxll ^ JX^ Laua ^)LC flSil ^-a ^ a^ % II 1. va ^Lnu^g 
y^-UlilA )) J ( Jj^Llilil d U, ,nl J I L^ JxLiAU ^AJI d ajj Us \ 1 I , ^IjUl Jklj t JLaI^^lj 

3 

^.1 ^4^1^-° Hxil^Jl Copenhagen Interpretation «^L^1 j^ 

£j^jll\ oLoi^JI 60A J^j ^Lxj ^5 (ji^I ^1 J jl) j 

Cilj v 3^1l Jl^I (3 pL^ Juij ,^1^1 )j-u-lllCLj ^Xijl (J-cl^j ^jji 6JJ.^11 

• 4-=k^ll 4jlji ^1 iAa>^l I ^/-xudLiJl ^Q~?^ %1 ^5^ cl (^^J^La 4 j 4nLaj^l 


pLljui^II <J£ lj[ SyJi^ pLlxuI 'ill ^ uiG La^j 


.^JjJI ^5UI l5C ^xJLc <^,<uLlj Loj 3^3 ^4JIajJI 

IV ^ 

/ jy^LkAja 3 LJUa.lL> TomO ^-a^j 3 3 LlIc 5^-a ^j)(j 0,11 


L^XilSLia 4 j^Lu 


J-J 


3^-aj ^lll 6 j > 3^JI 


Ls 5 Q 4Cd LlxU LaU^J I 3 J^uJI 


• 4 In I jut Sjljlj Cj 1 Q i^>^JI v^L£ ^Lkil 







£ f. 

4.j-ujL mI OLqaLxu*c dJI^-O jUsjI ^.3fl 4-J13J1 JjAjlJI ^3 

p 

3 I Lou Loj 5j_>jL=hJI ^Jl 4 j^)J3j jljj 43^J O-o^ 3fl j 

43^jL^ J.C ^j^lj^jLa ^Jjlti^v 3Sj .^u^-i-ll 4\^k 111 J^lL ^ j5 

3 ' j j^3 uj^ 3 ^ <5>=^ u^ 3^3 41uj 

' « H 


CJLcj cdlJj JlXj o'j> »■»I 6 jljlL jJL<*u 4.tail-' (Jia -iij <lfl->..l.c. N l ,s\~^ \ 



is* 


La 


'-^>v fJ a! 4.^ 3^*a 6^ L° 


^J» I'iljLfl ^ ^ 0 V 4 ' III ' niV'l a_u5> J-S^5 ttilJjj 6.^-^' 

JS ^3JI ^A 4 1 3Llj ^3 4^3^ <^>11 3*~ (^1 4jjJ 

*• *• •» 


^-xa-Lfll (( ’d^ 3 ^ S^L^. (J -^ 0 t4^^r\_4. ul I IjJLoX.1 3 ^ 3 ^ I 3 11 

jllyiV^I (jl^j <N^YY 43xu ^Ijj-i-fl-ll lS 5,3"*^^ cill^jJj 


d\ m 


3^3^ Lol tpLxxi-kLKiJi IjjJL 4^1 iJLia^l vlU Jj < 433 ^ 1 ^- J-C J ^ il ^ ^ i ^ 

3 ^ &3"* J ^ ^ ^ £ 4a-tu ^3 ^-ulJ I I JA JwC 4 j 1 A11 i3 J <A3 . J-S-fl 

L^jul^jl ^ 1 xC\ 3^I y\ iiifl^ll 4 jL^jI 

oUlG^ <3 S j-i j-^JI oLflLii^^il — -Ut Jail I 13 a 3 ^* 3Jj £-43 

J3L3 ^fUl 4^U 6 J-jUaJI Olfl-i,iIgiTiJ 1j 3-*l3^ £^°3 

I 4.QjQ% ^333 (jl 1 „ lt^j ^ — 4-uljJl 4 j1LaJI ClIj Jj)fl * 11 

iil^. 33 ^ ^3 IdA J ^.flVil 3 ^ c5-^' 


3^ 1 (} * \J^ j\-xxl£l> JIxiuuL i o 1 L*k 1 in 1 J-i La j5 1 313 4 j’vA*-) 1 3J J J3a 


1,aTi.^^1 1 63a 3^ l)^3 4a^11 4J1jJ 4x.jL3JI 431^1^ 


,X * X ^-k a i^-> i^lj-ilil-jj^j oLiLLxik * 
o Lj \ % *j jSjjj^ . 3 Jj o^ juq^a jjii j 3 ^ 

J-fl 2^^Y'V 4 Jluj J-i^-j SjpL=*. L Jx. 3*^3^. I ^ •>■ » 3 ( ^ ^ ^ 4 -k fl *^~>) ^ t ~1 ill I— ij Jji 

jUj^jJI Jjt d 1J ■/> 3 ^vaiLi j a.^^wo _ .1 U.^ ^_o ^X-3^ 3^ *0-^3^ 3 ^ ^ 

c _ t 

,J-»^^j cL'bLi^ ^j-t l.i iu 1 -) 1 4_k£»_^La_l 4jjL*-L li^-y ^jl y\_uLfljJI {jC <jL^il_i 

31 ^jlx. ^-^k^-0 3| - (Jj^j 4 aoJ 3^ 3^ ^ (3 1 A J pLainl ■>. 1A — O^iiJJ 

_A^kfl3 3 3"*^ 4jiJa ^jJI -1“* (Ji o^* 0 3 L^-a-cu^ 3^^ ^ X4J J* 4- ” 

(jal-LLil 13 3^ *J>J? ?* c 3-3 SjjLc qI l^'-k^iLa j^^jo OJ-A ^IkAM.Jj .jjjLtAa.'jl jAtfljj 

3^ 1 Jua.1 aJ^ *CjLaaLuxaj 3x.^/L> \ \ l *y ii l ^ o JI ^ aj 4_i'^L^ 4j 3° JS: aii 

/ # 

333* J-t JpuAA LsJaC ,^ll .“iiiifli" jiJ» :*Jali Ijrfl ^jIu^L^UkJ lajJ-A. ^lc. ^jJI ^^iyAjb 

4 (v a ^ 4-k a i^> i jj 131 * 33 ^ 1 2 *j j g k.o )«.33 



Sj U^i \ ^ O Uj ft 


p t- 

cljUrtl ^jQ ^ (^1 ^ iv ^^ (J^ flLu^J^I ^-Q *4 i^-iTiLqIj a \\ 

5 

q! ii>j*tie. ^uLlu^I (3 o 1 I ^li-li ij^ii-JI 4 1^-uj I 3^“^ 






ybJI II 




4. l^i i null pLaxl/^I {yx JxLfl JJlC ASjJUb LiJ-LflJI ^( l^v-J 

i^ L)I^JL ^UJI ^JaJI 3 6 Jj) 1^-11 CjLc^uOj)JI ^ 1 juj\ 

«* 

j ^jJ) U Lj^l^j p^£wi> 'iJj <4xJj^! cjLajlox^JIj SjjJI 44 x 00 LL ^j^aj 

CjL ^.^11 I^uLLia cAJjLxa ^IjOJLxl {yx <01 *^ 1 . ^1 ^ >11 >> K 1 LaJaD 

^uLuj) JjC JpxiJJ (LaIJl^JLujI Lcj 1 n) CjLxj^JOJ1) 

^jli iUjLuUSJ A 4 jL=^I Jlc I \1 <^-wj 4 xq£ ijo^iiai 5 JaLulo IjU 


p p 


(^\ jl D jl C B <L>L^1I Jlc J^ju^aJl JUl^L IjjuqlLlu 4xaUI c^jlxll 

Lj jy=^ ^3 . julq Cxfij jjtj 1 SlAlI Lu jj^I lj[ <LLJ 


<—ixj^Lljj , L&JjkLou ^ La S\C- 4.1.x A.j La j I 4^j.xJgj ^gjJI La II 

<^UJu ^ ^jxll 4j*.^ll O"^ jLxo J..?k,.l,.mj /^jJI ^LJl A (jli 

^rOxuLi Jx> ^jl <_i^JLLzJI L a . 1 ^1 I jj jJ ^ 4 ,lift > j^axuxj LojI^j 

cjLixi^piic 4 jL^-i 3 jLO jjwil Sj^izd)) 3J -5 Ted Bsstin 

^kJ ^gjJI mil ^■ j i ^ 4 jij lrv\ ua.) (jgldl La ..► Sjj ^ujxJI 

p ^ p p 

(3 IAa fcJ^Loixo) <w5la£j 14x.i.u Loj*j I JjLolLI 3 4jlj 4 i.i.i.^j JL^uj 

" •* " 

jx. cjL^jII 3 * jil j»Afljhll 4 J^Lxla 3-c* J-4-xll 

p » . ^ p p 

3 I oJ J & Ljk g \^ ji ^ 4 x 4 Jxlillj i^SLi^ J^\ l^l 

J\ fUfljJI X4 ^JjLxJ 1 JxLxLiJ .4JL^V 3 Sjj^JL 4J 4x0 

j_9^vIj Laj^La l oJI cj^jLxU S ^5 3-c JjJj IjlAa 4 x 51 aJI 3 A 4^- J (jI 


. \ 4 -v Q iLojJLJ Ls j 4j j^Loj 


.. * 





4_jI jJ < Laa c jj.\IL d 


■SpIq^-> Lulj^JL ^-^-Lxll j-c d^j^LS ^yoLiJI ^Lfi coLu^^JI ^1 ^ * j i_u mil 

c- f- 

£jL^ d* f7> Jj* 0^3 SLq-L Jjl d jjj 6^ 

^j-Aj <dJj J- X j LajjU \ jXJ 5 Jj II pL^jj Q /^il 1 15 LjLL-a ^ Q-v 
^jjLuI j-C I j ^-^jJ^jr^J oL^jll ia J-^-l jj^ ^ 2uJl dJd) 


^pl^Iil cj^j LlII ^ ^ * pLlj!^ ,dJj d-^ jjtjl UpLul LLal 

j^j — £-j!j jjfc ^ d-°j^ iflL^lj dJjj — ij^-Lklll oLJJkLA £_a 

'11oa ^jjJI ^jJI ^Jl^-u^-LI Jlkd d^ 3 jlj ^ 4-jl N *\ VA <Cl-uj JI^jj 

(jl k nnl) ^I^Jjl Juniiji ^-^.LcLa dJj->^ —! 

_iJ 1 t, \k 11 Jo 


oJilkl 



, A**-" I 4.ill!I ^ 14_a_fljLc y\X- iS^ 2 *’ ^ ^ ^ 4 4 4 Cj^ J Lxi I d* /i»-v" 

%* M 


4,LLftC 


. CjI £\ \ tt\S II pL>j_LflJ Qj JaJ 1 jJ^JojJJ ^JjJcJI 


SjUoJLI SjUI 

• ^A p Lg-c^jj 771 Lfl3l.j5> ^dJ l 4 a wn^k H 4jfiLk d^ d~^ W * 1 v ^ Cj^JjLlL Lxjg 

M «* 

r-2 2 4 2 2 

£ = me + p t 

L^Loj-o ,2)^$L_> La _uc £ = me 2 ji j^ ajjuii 

•4 •• 

d-° ^3L 4 jSl)I J&^\ 4 JjLxil d^ t4-uoiJt o jjg J 6JjA ,2jI ^j) 4jiJ_uoJJ 

E ^1 jl 6 jLjl/^I Ju ^ oLu^L ^J1 t4-LalSJl 4j jl x aII ^-3l.u JUI j J "v 11 

«% 

2 ) Li i 61 = V X V— jlLo LoLaj t.4_iJLuj ^1 ^-o ^i5 

l_JLi-5 iO'iJ jLxil j ((4 -aJLojJI 6JU^ io.i La. v ,E — it 771 c^ 

1-i ^ .J ^3-11 S J-iA^J I 4_1 I ^)l O -0 0 ^ fc ^3 3> A d-J J 1 M XOJ 

Jui^l jj 4j»^ 4 ^ i^>I^JI 6j)J^.^JI 6J-A dljJ J ji3Li j jJl^JI 

4 2^ j 4-SUoJI oLi ji-ai-o y_i 1 ui2w 1 \ 4L^-J-S 2 ^a .A" il >JJI j ^iu 

iVYic^ L^_LliLij 4 oj^^x> I 4 K LoaIj -^.1 :^l3!Lfl <^£JI 4-i-Lm\ll 

ol 3 jj^J^I Jj^ ^Li .ijjiiiL! iXGj .-me 2 iJLu I4K ^^Sllj 




LkiljSJI ^jJko 




4 4-5l,lrJ 1 j^C, 4JU> jl 3). l^iLu,o 


^jJI Lo 0^1 *iSLLa 4 JU, ( _c- i jl 3- 0 Jil i-JLuj iSLicb 5JL^ 
«% 

j^JLaJI 3 ^*-11 oLj^j^J^ 1 3£ 1^5 *i! IjLLj S 4 JLJI 4J&LLJI oL>jp u±a 

6 *1* 3 

<.Cj Lj^-x-o j’VfiJI CiLjjjr^J^H l)^ 4g..tflTv Jlc dJI^-i J <LiL^.I CiiLti 

Uij ^J< Jj 

3 ^■S.iiil ^ cj^!1 3 I 3 ^^3 • (3^ n< l£J j-^ 3 *c$ jH* ■* 1 ^ 

Uj ijJjcaJLj o^LlLol js o^L^-11 dilu 3^ 3 ^ 4_JL*juJ 1 i5LL^JI c/^3>- 

<4_JLuJI iSllzJI 3* 'ill 4JUiSrt II 3 ^ 9 -^ (_><uaJ pLui-fi)) 


4^, iju jj .j K-, ,„_, 


3^9 ^-flijuLu 4-lLi iSUa ^jjr^J^II ct\Kr.l Ijli tdllj Xxc* ^Jj 

U 4 JLJI SiLkJI ^ 3 lij^JI ImKc-1 IjI <4SLkJl |Juu 


^t.i,u2id ^ fl 1 SI ^JLaJl 3], 3^1 3i 3^“^ cl)" -0 ^ 4-5UaJI 3-° ^i&.j 

+ mc 2 SJLJI Jl - me 2 iJUJI <> JUu^j, .^jU. 6 jJ^i 

4l£J 4 \«a\IL <2 YYIC^ Lfc^IjiLo iSLLa jl^ t^dWu 

J l (3^lc . Jj ^ j ^J I 4 Jj )fl nn ^cJji oj 3 ^i ^ (Jjjr^)ll 


\ \ ± \ aCj . 1 ^ i A j l i ol ^ * au^ H ^jLu^jj LqJjlC j I 4_ij jJI CjLlLoaJI 


lua i5a ^ Ixu ( 


.iJLJI iiUcJl 


fJUJ! J iJLJI iiLUl 

3 5^-Oa ^1 \ \ Q~\ 4 fl.l -V JA_V lit <j| 4^J-U_LJLflJl I 3^-J 

6 Jjfr Ji^ . 4j>.^. nJI <_JLu JILoj 

^loJ\l 1 1^ LoLol3 4^..^JI 4 1 ^. (lq 4 >r> 4 <u^v 1 llLo dll nn / J dj v i _^5." H qI 



MM U ^ 

4-JLuj 4-jQ-1mUjl^ *_iLiC ‘jli IujluL 

4j 3I q LqJlJ-C. q ,(4 jl>>q 4_\^ h& 


i cIj 


I jj ^ 3 ^ j 

lu Lq j\c lJjuq 4J^k.^k,l 3 4ll£ JiLo 1 ^ <aib 4li^JI LgJ 

i-ll 4 ^ \ II >■ ^fll 6 


1 I (jJ^J I O LuJj'UiC 


diLcu 3 ^ ^ 3 ^J 4 


33 ^-!! 





jy^ **± * * *> 03 *- 


jjj 




4cL^ 


XU 


»4ja 4?t 


Jlo Lfl mft\ 4JH^J1 LgJ LcLL/.UlA 


Ja S aj 


£JI <> J^l jSli, fJ 

P 

fl i j i^j^j-^J'iLl 4LU1I 4 aj iM“\ H ^jl 6^^-fl P.i^.flj 

■ U3- LJJ J^ Jj^ v Q^xiaS' ^1 Jj 4 _JloI^ ij Jiy \ 6^£xJI 

M ** 

4 e\\ <<r^. jlil Anderson 


AjI. vaI *« rt 



ji j^i isLLU iicU uU^ ol^Ij ^rr iu^ji 

Victor Hess l _ y i±A> jj~&> * (jg^l .mA ill l ^,fl.mi^l /cl .AQ 1 I (j-o o^jHl 

4j, i i. J S^L^- P*4j-ILsJI 

4jm^.^-4i 7>1I pi A 1 m < % 11 ^LluA £jua ^j^-ujjpl 1 ^ * p\ /\ It jja\ ^ Y*\ 

d! j^-j (^-kj tCloud Chamber ^1 u^ll iS^£ eLul 

k. ,SAu$>l jSj <pl>>U cJI v. ftTyTu (JjjJI Jlo ^Li J pi a wn^k II Lflu-fl 

jloilU ^ m \ 1 \ i a JU^c 4 1-^ ±u l^j W.\ \ IjLlua TiIiaj pLajluju^JI jiuu <jl 

•• ’ iT ** *” 


O^^ JJ ^1 * jL.Al 1 aU^I jt in a Jlo 4-mAi 

1 fl * If (JjJi^l JJ5j 6 4 Jl^-uJ 1 4 k A 1 VC I 1 /I»c\ 4 t£ L^J pLa-Lxu^. 

IdA Jx <Jj^ 3 S^L^- <Jx ^^-lujpI J <^irw .Positrons 

(pl^lxu l 43^1^. Jx dllj-ij JJLJ ^1 4 \ ^ VA 43-UJ k— 

.oi auu^ 


jxJLc (J^-^- j4^3 4 ^a^ ^a lJLuj 3^7JI yx d5j 

iiljUio 4 jjJ 4a-uh^ J 3f^=> uJ^i 

J-un-o.j) N^VY ilxu James Chadwick dLjjli3 1^^511 ^3JI 

^ 3 ^^ pIjjl-lo d \ m 5 jpl^ Jx l^,\ 1 iji \ 

pLj^jrt^JI Lg-i lr^,i^k3 tiJ jtjCLo Cj l3^^3j) \\^ 4_\^>.^a ^jjQ 5j jJI 61^3 


O^rXj 11 \jUb ^3 ^jljSLo dJllA ^jJ 4jI ^\ i4-JLu) 

>4 lb\ 4^ i 1.1 Lm^l I Cj \A MAl^k 11 ^J)^.fi..A ^yjQ 4-Si lo.l I ^jjQ pi AJ HiA II P^XUJ 6^^-fl 

dll^jJ 4 \1 a£> 4_U% > 4.a u;u> ^1 1 <n n ^jl i Ipll 4 \^\ \ 

4LLLLI SjLxll pLoxuizJl p^xL.j LajIJ [^ ^.,iA^ ^jl ^ulu 4 4iLkll ^>a 

^ojU3-^I j! ^-^3 <4-JLuJI iSUcJl (J «6jiL^JI jl k—t qaJ 1» jl 





u!-® oUj-u^ 




* 

jA ixxulj ^uxjluJI <Afl > 


^-A 4 j in n^JI JX:J^iLll 6 J-A (jfJja^jj ^ x\]r\X o (J 1 g.in,fl\ ^A ^ JX-I^JUI 

«S>^JI ji ^i j l^Q )) 6 jLuO-tl 1 fl~ ^ t V A.a t j±L-±. pL5uJI JjlC 4Sl 


t3 <Jj <jli>ail dh 0 (J ^tuJ 2mc 2 LajI jjLo iSUo 4 qIIaa 

** 

oLoaxu^JI oIjLlu^q ( >jaLj > ^JI UJJ>^ J-AUju JlSj . Lo U* 4. J L. < l u^i j\ ^ fl, i 


Lajj-aUu ^SJI oljLuill j**£L *N^W 4 Si u ^J-la ^jl.w^JI <_ 

•% 

Jlo ^1 1^-lj 4-i-cJj, Jj wU 

cil j CjIjUI 4j^jI J Jl^ J^JtS LojIj oljLuiil 

p p 

cjpL^ 

^juib^JLfl I Lot *5j-iJ^ ol AjLuirw J^-^3 5^>5Lp jl) 


5j-3tS.ua 4^ 


p g 

jJ 51 j Sjjjj=fc. 4 fi t.Aii-- ^■I^Ls'iJ Ijja. (j^JLi-o (jjjLiJI)) :dlljjj JjiLij .(j.u SLt JI Jx. 


0 p 0 

4^Q<r> iplj^xaJI cjLaL^jI) ((.Lulj^^S ^1 L>^>-Lk-> <j1!j ^_c J-Jj 


Jxr l^lLs (J t\ \ tt\ \ *i cjL n im I 4ijj^ ^jl 4Tk lIjJI Liu(.N A 

J-C Jj i/)-> rvtiaJl <j JLlI O Lll> /njllC- c3 ^vS-L4I»Llu^1I (J-\.A^ 1 i*A2k 


iSU-JL CjIa 1 »,^11 Ci^L^JLA 1 * UITV l^lSil *Y • * ^1^1 

^JclAjJ ic^au <(jj£liuj))^ tLolS IjljlSxul S^lLlluq t^ A.lri,X aj <4^Lfll^JI 

jlfl tU-,1 Cjlslj) 4_Sj J_2h. -Uv . Ixl^Llj CjLo A <n% ^J-A ^L 1^5 

(3 ^jjjJJI jLudU jLAil lj-a LujIj 

jl^-fl^l 4,^ u~i\ L>^5 Ku^iS LjI^ dll J l a g I ^ ( ^J^JJ-xJI ljUl 

.jJI xjjJ 4,kI 

M 4% 

Sk ^\ij 4 qIa-i in^k-11 plSl4£jjj2fc. 4 -LqI^ <_iTV5^ o^j-4-^ 

J5L1 t cj Loj-aij^J I v_q u (3 0^ iV>> 1 <q p. frj 1 v^c-11 is (^AjLi^xflJI 

Lo I 4 jjiuj t O U wu^ II j SjijJI fid* j ^gsjul-Lul *il <Gl J jJxj 

l o_it-\l | pLcJ^. Lojlc i^^Jl ^JjlA 4 lQ vlra.ll £j Llu 1 .1 fl. 11 4 iLc. OjI^ 

<4 Q U lJLJd^I J -tbj-UlJI CjH^LaJI mj 

♦L^-j^j_aHuj ^1 oL5'iL*JI l5^ ujLujj^I ^gjjJ ^ o^s3 

p p p p 

4j iuLmI 4^51^! (3 4 j-ojLluI L>j^3-* 



1 jaX- I jlftMl 4 ^j-^3 ‘S-LacJtj iflj^JLii oLa-xai^JI p^LLo! 4 \\ax 1 

%% •* 

oLli-u^ j Abraham Pais <uj ^Ul^>1 43 jr^ ^ll An I 

^ f. 

(J^-^ ^ I a\ 1 lUlj cxa^Jl jL 4 jI L^ju^Ij )> ^luJI 


3 JbuJJ 4 -jL^JlII 3 j (j ici 1 a JJ2 ,^tl ^ \ /«i-v II £> j_& tpLui^l 

JiX ^LLujllaI ^)l jJjj <LgIc ^JjQ (J ^3 JLxil 4-ijicLj 




t l_> l -A V / i 1 "v 


4jLjC^ a < A*\ i SCjx^q 4_LciIL^o 4-j^ to> \ 1 Li-u^ij 1 0^ 4 liLx < >1 

3 ^ ^ 11 j\ *y & \ 11 3). SjLi^l LI &3 .4->l (j \W (3 £-j^^±4v 

p 

ol \\ i* i^l j-La oLc^Axii^k Jl pLj^ 

«* 

,, (] 1^11 3 4 Q <Qj Jjl tA^JI ijj-lcij J cJlj->J 4lijj^.l jj)K"ill 

~ ** '**■**“ *- 


SljUl J^klj 

dJ) 1 <<i j\ 3 i5Lnl5^ jn 1$ i 5 Q ^ ^xJI Q3 1 xS\ \ i^J' JJLj 

£-03 pLi^ajaJI 3*^ ' 03 **j 3 ^ x \ il^ll 


4 1 xj fl 1 [3 Cj'^LjI JjLg (£ 3 -* 3 ^jXi-uzSj (^5^0 ^ jf'fc 11 4 \\ a x II CiL^L^jJI 

++ 

^.Aaaj Sl^UI 3** Lan 4-^-uilj ^ ^ (4 jjj^.^jj-i.gJI 

4^oj^la..^\a t^il^Jl 3 5L=^LiLG cilj ^SjjJI cl^l^j ^j£- Uj^js JlLo 

tS^cJI S^c (L_iJ I ijU) N. 




I Sl^ill ^1 

J^UI J Iflll 4^ Li t^JcLflJI k— 1as\\ X*\ a £j& k^j-gjLilj ^ .1% ,11 Cxi 

J^wClII ( ° ^ ' ) 03^^ q 3 iJI j \iLoj Sl^xll S^jJI 

olxulxfiJI 6J.A Ojl .Sl^lll 4\^v d \\K JILq 41^> i^j-L ill pLxlL^I ^jjLlA 

^j-Q 4 xjj-fl-j JJjJI ^Ha" 4-j^j^I ^-^3 t^jLLxlll xj)(j Qa 3). 

llj) ( J^0 4-<.xi.fl.j JJjJI l^J CjIjJ 

V* 

L$J cilcj^j ^ '*33^3 v 1 (3 I (1(3 <nfl\ 4 ujLxqj^JI 

,4 Q .1 a ^ ^ 3^ 


. A 4 ^ Q t I ^ Jl^- 




LajI^SUI ^ \]t\a 


^ '-4 


j * •* 

4 n> 


Sl>JI J-i-lj 4 uu^j-u3^JJ CjI Lg_j^ 


p 

\ ((p1^c» (S3^ ^ 5j^ju 3 3-^ jj Aq t^x \ £-o jiliii 

^JjLS3 j±}\ jJLu^JI 4-ijfcLili! oliLuxU j^c IxLfl (J-ojlj ^pJI 5jil) <ULg 
I ^£jiLll 1 dlLlAjj ij^JLlI ^-a-4Aijj <5l^lJI a^ ~v 


2 p 

(3 t -ftfl ^ <-*-*> 1 \ t V^l ^£jJLll i—4*ju^I Jbj <4 Q \ * iS\ 11 

** «* 

<i 'jJ J t£>^' LS^ ‘^AKfc^ uKs J^J O'iLc.l-fllJI 

«% 

3 CjIj CjLj^Jj^aJI jlAcl c-j 1 -i.ai.-a> 4JoLojluj <51^1] I oL^> 

4J 2 tJ C .I 5jj^ 1 ^ J <7> c-J^5l 6 ^j) 3[ ^jJ)-LuQ^jl> ^UJL>^ \Q 11 J-X ^ 1 J mil 

5Ijj 3 CjI < 3^0 ♦Sl^lJI 


lo^ U) ^^u-j ij-A 3l^ ^ * *\ 31 ^ 3- uaj oIjjjjjj-II L>^ ^ 

•c£>4 ^>>1 Ji (M U»jjut ^1 >iU^ 

LlLs^jl^q ilU, mil 4 _>^j*4I ^jX> Laj^sL) Y * *\ 4jC-^g-^-q Lo dlLuk^ 

P P 

3 LxLa^ji^q < 3 * 3^ — Ijla Lxq^j 3 

.SI^aJIa 4uu^LaJl ^aaJI ( j-q £^iJ 4i^nlj CjljLiil dlLiifc ^1 iSjjJJ 4 fl iOj 

‘AY t° * *YA <Y» <A <Y I4J ^1 

3 1 IjLi-ul 3^^ ^' 4JLL5 AI IaJI^ ^ Q " /ji ^ . \ v \ ^v \ 111 ^1 


^qLj> ilJI jljul 3 ^ ii^ *• I j^qIaaJI ^j£* 4 x \ 


p ^ p p 

JjjiU 3^J «4 uJI jldc'ill)) LjLl^.1 6 ^g-uij LJj 

Ijlacl Jjli3 ^IaJI 4\*\^11 ^jQilJI (< j-G G ^£juO iSl^lJl 4 %\ i 

ilfl La^oC CjLj^ (2>° JJ-xJI tC jL>^^ jJ>-^vJI 4.fill 

jl<AC*^jl i*\\a \ I 1^ ^-^oLi-xJI 3 ^0-° 

1 1 VI i ^ <6^>gj <u^ Ja-H I Li Cj ^ ill 3 3^° Cy* 

^ ^ £ L3 ^iJI 4-Ejli Ijjfe 3-^ 


p p ^ ^ 

6Jj 4> J 'ill »aj ,flLiu> ^ j ^ASj 

Cj^.^.x,^ 3 OJlLl^ ^3 4 n > v to,11 3 >■—^ uC&* ^J 4 1 iSMl 

• 4 x jj lal I 3 Jj) ^^3 ^ I J-S- 4 ^ O Ljjj \\ 11 /^o J^j31 ^ ^ Lu^lj 


put <I1A 



4Xo ^p^LjLaJI Aj \jllijul ^>1^1 0"\— 


JiLfl jl Jj-ali J-fiLj'ill LqI <IJljJl^ ^LlujSI^ 

I . \j IjiUxuI jj),i^JI I frUj oLij) iK^iJ 


Q^UiJI 3 ^ 4.L.U.1 to 3 J-£^l i-iJl ^ j^\ll J^-lj ll) 

JlLo ^v^loC. ^L.\juTU 1 Lx-O 4fl kfl^H 4-i^J^I 2^^ ijJjlJI 

LoJjlCj ,i5Uo 4iu J 1 (3 4 5 lJr^ft tJ j JlC Lg ? 


dj > M 11 dJaUo ^jli <^al=k£. i J-z u^i 


•* * «* 


JjljI ^^ojJI CjUUc £_fl wLi Lo^o (IIj^l3 oI-aLclJlJI 3 

«^J_)1^5 Jjua p1 \ oil 4^Jiu) ^p-oLlC gtgjjJ JjA^JI 

tljljAiuul ^^jl^JI 6U^jI 3 3[ 4L-5-JI j^LuiJl 4^ij I A. ^tf-j 


UJI cj\ allua. 5j^-ua 3 oU>iKj-ilJI Jiuj «*11jj 


^1 iSUaJI ^_a>j idlj^ 4j5Ua JyUcG L^jli <6J^>ill CjLjjjP^j-ljJIj 

X «k 

J .A\m \ ^3 Aid jJlluiU jUJul Aid LlliLluI 




UUI UJI 


6AA Jld vt)L*_ul <_£aJj J-^ (SS^J {\9f4^ *l*j 

UjJ£> ^A \ \jj ^jl j\ jjLcit Sl^ill 4_la£ jAq 4 a \ nt-y II 

oU^>Uj r <ll JC-l^iLl 1 ,fl do dLlj 6^)jJI JjUUj jIjJLclj 

l«i-£3£l ^1 ( > e ill 

^^i!l 4 U , 1.1 jj% Sl^lll J-irlj I q ts\%,\ £jq cjU^ iK^uJ 1 dUUlij 
SJli j llj 1^0 Sl^lll S^xuLu* UJI 


CjJ^>^3 Ij| (j^*J <4 j^5JI 
4-iaxuj U ^vj^SJI j\jl3 ^ 4ZTV ^ ^g^SJl 4 -UujI 

3 ^^ (J-*-^ 4 J 3 ^ULUa ,(4iLkJI j^j) «,,\fl^ II » 


^j%J m iu L^U 4j3sj-flJI iiU, ^^)U. 6 j^jliUo S^ Ijl ^4 OjlaC 4jSbj^_fl^ 

S^iUo O-X-ubj Ijl U1 t^JjTfci II ^tJsLxuJl Ji-Ojl Jl SJlXaxo 

cjIj^j.K^ ilJI ^J-fl 3 ml <0 4j^aJ 1 iiU> 

Ca^a"} Ijl Lcl <6jjJl 3 jUH 3 Sl^jJI 

iu» Lgjli — J-aj-uo jljixkj lt^ — iiUJl ^-UaJU 3 ^ 

* 

4 U.JI 3 ^® 4 i5Li<*j^ 1£JI 1^ x>K iaU UlOjj >11 4x^fiuLo <«Ijjjlj 







jb A-V 


L v Lb£l <> cu£-q3 ttl ^1 jbJI Jib J^ 


Ji-uil 


* » n 


*B ^JaJ.! J| «4. ftS I ) (J^)) j-fi-fl-U 

>-11<q 3 ('i <»j (A Jl B (Vs jl) B Jl A /yo , 




f. 

■ »)b" ^ ^LflJI ol \ iii^ Jxo io1 otc ^ x L^ a 3 o^ 


£ Ijlj <4lflL=». jbJI ^yO 


u ^ ->-»J J^' c_r° 

l< »\l^ t d o-'l A. I I j jogJI d ^ i Q l~t ~k ^ .jjill ^ lit Id jAjJI (_ 

Jxaj Jljd ^ 4J5UaJI jb J p-a. i !aljL a£- 
Irybo ^Ls 


L5^ 


J 


A? 


JLoi=fcl 


L? 


O^H5 




| ***» 
7*1^ 



j^jJI Sj^i j A£ jj 


U\5 a Lqjlj^ju a i 


JJ / vftJAJ I ^ 

t k 




6* 


fl< ' Lo ■_< ...~<~a 4( ji_ilH ^JlC 4i^Lc- ^ 4iUa «5^1 aLuj1 


^j=J\ 


j ^ju 1 a.\\c. j iiiLkJ! 

J^ 3^0 /yo Slaj j^LJl £jli A>A-° uJ^ (i5UaJI ((4-L n . > i ‘J I» L^lJLaJ 


.5 JJL~> ua A-Siiia 4-lib 





4 InQ JjX CaajJI 


4^ v.^Jajil 3 ^5 r>H ^.juc. ol-v 1 Ua t 1 tH j-Uvvll dL\5k a» Lo^ 


L ^U^_jLLX-0 L^-JLx^J i4_^jLi> * JJ3 “ ^AU> tt jl^A ^ ^xJI 


^t..i,iot 4 ^ i /ji-v II 4jsLL> Cijlj LqJ5>j <^JI I^LaaI^a-o 4aJ. C. (jmj Lo pLaa 

j\A JjIxuaJ iSlizJI LT^" 1 dlLoA <jl 1 klc (^j-ujJ 

4_lLqj»JI ^jJaaj <4j^j II 4-w-iVvl I 1 ^ v1^xll 4«flLjjJaJlj £jLkJI II 

V* 

J3a^ Cy* Lii-i 3-/^-* 4 a\II 




♦ %• 


31 1 \.\ 1c ^11^ /?! tN 1 yUuiA J ^ .•K.a-'ll ^yuLuil I Jjkj 

•* M 

.SlxlSJ 4 -fl T\ ^JjAIaJ 


4-l^.E ls SI^aJI ^jl it lcl <3 Sjjill qIaj).1 K^aaJI ^uaJj 

IjJa i SjA 6^/aJuLo ^qLuia! 3 ^ >^jr^ P-LL1 41^0 > <Jaj3 LqLca < ( 




Ij^\AJ1 ^^DJLA J\ AJJl&J \ <C\ \ 


j5v Q*\ <j1 J^-aaj iSl^xll 


IjLfl 4 <Ua£ 6^*0 J^J-XA ^A L?k fl~i IX ^LoJ 4aajlU P^£0> Jl 5^ 1 g K i? 

4a^.jjU l a \lr\C, £t_L ju^a JjS ^JaJIJI jlfl 4 SI^aJI 6Jl& <Jax 3[ iiiUo 
^aIaAAQ jJLudI ^jIaI^A JjJ-l^lAAj J-U-i 31 Sl^lJI 1-fl-Afl J^AL 


A 


(1)^41 (j-o u^AJ (Jj ‘ ^-> ^'j 


4^^CfcJI £-A J*JJ ^^J^A^AA ^ 1J 1^> j 01 4 b.A,i> l^A ^LLxluA^I l IjlA 

JcUa 


4^1A^-L^^ ^ J-^-A 5l^JA 3^ ^lAAA 


.UJLXO 


3 CA^I>^ jU^auaI ^j-^u-oaJ oIaj^a^-^I 


gtAAA 4 a U 4 IAJJAJAA UVj “ T (J^^t 


it mAA 


|>a lii JolX^oJI Aj Lq A ^ m fi tLx-a 4_>^_>^il x^ . , u i Lq Aj-C aLl^II ^ '“^ 1 <1 ilft.t 11 j\ tu t 

LiSajj^-k v ^jJI iSLlcJl <j.a£ Aftlljj ^ya A^aJI J>^L> ^JjC. I^JjJ Lxo /^Ia^oJoj A-fi l.Afl. tLfl iLxo ^ iflifl->. 

^r^AJ ^j-iiJLl! .^A_iJI tfl ^ ^>aJ1 cJ -^jA Jx. IaA (J Sl^j 

diftj ‘ilj .4 Ac. (j^^SkJ >^,irk i LaC *bLiJj Jalj ^j»»n mil J^.Ia 4-jj) m-k II SjI^aII ,i| ^jA ^1 \j±^j 

«* 

11 1^ k >K iaII \JlS 3 iljL^a A^aJI JjaL^v ^_C >»1 4aL1oJ) /^-a La ^n a <^tll i. ilfl <3 

Act ja] Lfl_flj ^LfcJLo Jit iiUo Sa ifl AaC La— 11 J'bLL Li.jj J^aj 4j^j^lt 6AX jAju ^1 4_»Ia*^ 1^ 





j oljj^3^ „pL£3j i \ Y 1 ^ fl C-jfrO ^ .o 6j^e 


IjljLLr^l Sjx: jLL^-ilul ^jjcuuj <4iLLJI ^q CaJ^5 I ^ \a Y • * 




4aL flSL! I 4 _l0 Lgj 6* 1 1^^-iJI 4k< I Ja^vLu 1 


<iD3j CaJij^TiI ^gujl JjJLjQj j\ nx 11 4 a 1 a * 11 fcJjfc Ca^P 41 g v^ci CjL i j^a^aaJ l 

Li 4 -iLqjlJI bSA> 4_> j\-ll* j (_5^JI JjjlII LaUojI lj! Lot .4-ijJ 4.1.1.1 Q 


^Lfl 4 La m^ a-uj J^-^a j\^±u 4,.i1aal11 JjloJaJ CaL i^^ a^-XaJ I SjLo 

pLLI (^yiA <1<T\ I d ^1. Xxl ii*l J^wG-11 ^Jjd ^k < \.^k.*\JI O J jU^ilul JX-Lfl-G cdJj 

I Q i^\W t t i\ 4-5LLJI Sj^aj .pLj^JI J-Jjjj jLLj J1 aAjjaZj 


. Jut t <3^ 4aju 4fi^*i jUfl)l 45LL> ^-a 1 i w 

Lufc ^jxl^oxuJI Jj-o ^J)^ ill (3 45 LUI ^LUl 4 -lLoC SLaLz^-o Lja^-AA Lg^-gX.^ 

6j>i^-^J I Sl£l A £> ]r\ Y i.J.L > ^J)l\ .^Lo^XJ^I 4 \ lxX- jJ^C 

^ 111 ^Jrii />u 4 JI J i g 11 ^jg 4^LqJj^1 ^ 1 jjj jJuCr 

4jja-vJ ig 11 4,1,1,1011 3 i^l LT^" iSj?* ^ 4^^5 JaiLfl Lgj| 4(JcUliJI 

/^g ^aax tjLL^u^l (3 (j-flJl ^Lo^xj^I ^ .^LqJj^II 4jju-fl ^ 

SjaJLucJI 4j^J^I jA..2k..A 4*,l..l.l,c. 4^,lci../n Vll 6J-oSkJI fcl^iJl ^-Jl^-uIu 

1 ^ ^ 4^*1^ .Tt ^JA^S ^ 9 K * Ln 11 ^JjL Jit II lii] I 


l 





++ % % 


J* (5 ^' S^£x 5 Lfl-ji ^1 4^jjiJ 

JjJ 5 JJC Jlc- dU 


*yj\\j njg^y^Li LcuilL gj^Xlu3j 4jl>j w q5v II ^^5J1 
4a1xiJl1I pLu) SjJ^Iill SjIjj^JI jLfl 4iLij-LJl ^aSxj ^aJI 4j^j^II ^g 

4j^aI ^1 Cxu-ou ^1 (J-uu Lg-o i^jLkJI ^1 45LLJ1 ^LiA jI (3 4,A4-Lu!lLaj 

3*0^1 >l^J Lai>0 (3 1 (j K 4 A 1 a X.11 wi-fi^-A^ 4^LoJj*ill clLiL^ jJlC (^^^1 


I* * c _ ^ 

Ijj^j^jj Ij^jj^j clLa-i ^4J1 <0^-=>-J'jA-ifl-J1 Jj Urv) J-^-l Ji -k~>L) 4_flLL» >\ 1 <jj-la 

u^j^e) f^^V" a* 41 4 ?/ > *H j ‘(fs^^) ^1$ O^jj^* ^ >^* -r-^e 

t B _ . 

ol iift£ 4-l^i^.il^ v ill ,JjaJI_>^ .4_iLioJI 0-11 ^ ^ >li- 1 

- ^ ^ >11 4—l_k_l_fl oLu^j [_J-ko 4 j j_>1j ^j),j A 1 fl 11 i4 j4Xa «4lq 1JlAAJ 

* 

L^jlo V*\,V ( j'iLIolj 11 Sljp (J 5“°^ O^LtLflLlJl O l!jJ> iji-a 4_Luu3u3fe JljliAjj 

J_C U-4. .O^LcliuJI oJjJ Jfl-k J ^JjjLA 4^ 1 pc. j ^_^2>-l S^-a *oJ^i 

. 1 J^IjcL 1 j 1-A-fl.rkLool 4 _ujIjj jjljJJi Lia ^Li 






4jL>^Jo tadLuu^l JlC. ^ja (JjlAj-uj-clU iiLL <3 

iJlCt Lg-la J^-^^.11 4ail^ 4_L jia 6jrLflJ J-^lj (J Lxo 4->>)^L dJLu^^U 

^jA ^1 4_flUci jlL^ ^LlLoC JLr^-i[ dlllS ^^ 11 (j-^3 .iSLLJI ^jja 6 JjQa ^Ll-o^ 

4^i Loj ^l^-tu ^o^lj • Jj^l ^UII (3 Lxo 4 j^j^I <3 4-o.l^kl full iSUaJI 
<3 ^Lll 4-j^jSll t*ltic (J i4l/iSll <3 1 a^s. 11 

J -l^LjubJI q.\ fc iitj i^g^Llckduul /Aij (3 ^a£ > 4^.^Lil^)^jJlj 


11 4-j^jl ^ fl5kj La Uj ^ 11 jL^JlI^I £u5lill <JJLla)l 6lzk3l 

^llUl ^^LcJu^ll y\ fll 11 ^ J-flaj i jjj-a*bLljJ 

M «* 


* * 


^jLuilxJl i all j i5j 1 jj mi 4^ all ^^JLII cjl \c\-± l ^j)l 1^11 


4-iCjl J-oA (JuxjioJ 4j^ 3 4,.i-fj.iIjLXa O^La .a ^la-vl ml L^lxuljJ ^jJ 

’ ♦* ** 

LuL»^_Lfl ^>JJI 4 X A i I ^jA PJ ^ 11 ^jA oLl^LJ t4jmil 4j^J^lL> a 

(jjjJLl 4 jJ Ulflj ( X-a-Lx11j *(Lxo L^JaJLi-o) Lxo 4j^j*iJI 

.^Ij^JI v_>Li£ ^ 


^LLu^jJl 


Sj * £ * 

dll^jJ J!La IjLLloI Slfllra ^jxjoj^ <_11 IrVi ^>-a^l <jl £-aj 


4-a^gaLa 4 j^jjJI CjLiLqJiJI ^)Li t^^JI ^jJ^a (3 6Jja=^ oLoxxo-a* ^tgju^l 

^ ^ la^-ij (SjjJJ ^lLo3l£l J£l oi^llrfcu^a > 


J^-all <j^aj .^a^lxuu JljJ ^ ,\^ 1 Jjl 5^-vi^ 5jj)^unj ll^.LLo 

4aaJjJ1 CjIjj^IViII ^!i^l ijAxj 

«• ' 
t ^-Aiit a2 6^ j 4 ju^\jjJ! 4juo!^JI oLv^.^U 6Ud 4-Lkxul^j 

4 JUJI 6JA (3 4-jjA^-xll .jfl-cuftfl (3 S J ju^ 4 jjAaC \\inT\ > ^ 


jlalc^l ^-45 <aUal^ 4 <^5 alia) Li^jJ^j^j (3 

Sjl^ll d\jjjy u^j^j oJJiJ 


5l$i Jl plj^U 4 ^Vi j iU^J 

cjLiji^J^I a^l jaaj 45LLJI La^ ^ auj^j La ale 5^) all ^j\ j^al ISjUI 


Sjall 6JA J1 a o^^>j 111 4llj 6aA (3 <■■■ ftTiA^a jiao J1 Jie^l 



Laj '11 ?t, lin o 


j [ 4,11jSli iJUJI 3| 1 JljIx 1*-%5 44i fcnt 

6JUb ^-^liiu^ t JJ% a 4^^-A J j)k» 4j^ 4.5 Jj Ijj^o 4-JL-i^l Jyo Lo^ ^ I Us % 


^i3 
<diij . 

jiialJ 


*-*N i ^yu^X ^ 1 a -V ' 11 pLjOju^llj 4 i 1„<1*J1 

*» «% ^ 

N ^ N 4-Lxu oLiLoJtJl 6JLA <J!Lo fl > ^1*1 <Vi,il LaJjXj 

SO 4^A.iJtJ L$Al ^lll 4-Jj-kliJ (JjuLuj^II tic IjJL) 

«» 1 M 

^j\ SjIAjO 6 jjJ <^y^T ^LaS ^.1 dllAifc ^ 


iL^j jaj Ij[ 4-ijuoj^I 4JUJ1 31 j^joj 4i^LaJi 45L1-JI 

Jj)^n \j\ 1^5 fl <Lf l=JI JjLx *-V^M 4 jXclaJI 6JX ^ jftaujj 

« M 

Jlu SjAJI L^j IjLu ^AJI dUfr J^J^J LqLoj LjjIxua jLII <b^ 

«fc 

JcUj (3 ^JLi.ljJI CjI iLtLiLai 4 j An .L^j1xLsoI»| 

«* 

CjljdJ I (J^Q <Lu^y& ic.J}4\y A <J-l=hJlJ ^jl \ \ VC A 1^ iill n~\ft iS33^ jL^Xtojl 


6JL^Ij SjJ juifl k.\4n JL <L-uiliLI 4j=wjil J^la 4j d^Jj Ur> 


SjjJI 3* CixjAI tfjJI Jjd^JI £A ^OJJ 


. 1 . vC^s j olj J £-jj! 4 jojSI 1 CjIA^A^-Cl)I jojj <1 * uuJ {jojJ 


4 dll A 4 .In 1 uMli 4-U.ilflA 4-2^^-LI 4 J p^Lx-i^n ^yQ Luu^>j goLiJI^ 

Cil^ll £-iu^>j tjAls jwo Lfr 1 X.J 0 4_5dJ 4Xfil^ILo oU.^11 dl 

^£A gjjoi gOJL.ll Lxa ((J-CLuj^)) jU-lflJl J£ jAfl% ljl_a ((Jx'ij)) 

(3 Sj.>^oII <5LkJi # ^dLxuLol)^ ^aIILI ^Lxxu^II Lcl^ 
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-OA 


d i3.i^^. 


ajurJI ^xjJ 


i 


M * * 





^ - 


S 3 fl ^-1 i3 a^"^T i _lJ) v^u 4»lLol 1 ^ Y\. 1 


t> L^j^' p >?^* J! < 4 ^' J-C- 


•. P P 

3'jj 4 Vi Cj\ \ \ uAl io^oC. pIojI JjI ^ ^ 0 4 d^LAUuQ-ujJ 1 dX-^o^il 

•• «* 

LL?J olS^J^J^Ll L illj)J uJI i A 1 t J j^Aj L^Kj 4 ^LjJ^1 

La (J^ ^ 4ilUj ^_a 4 jLl^JI j^jII 4-lAb d-ixuLtu^lt 

.Sj^LJI 4 JLJI pLjLa5 4^j Jjcj 

♦ M %% « 


N^r 



4Ja-fl £j£. y it i ^ i 11 




SjLq J^LlI) Ou-^^ILs \£j± lno^1I &Lui>l Jl* ^xLaa a_xjjI 4-iiLiJI q^L^^-aII 

«* 

1 \ 1 a ^ i j-A^t I Jx 4 _>jxLL 4xjLLo ^I pLj^SJI 0-i-^ja 

(J JJl 1 J_9 - 4^^2kJI Jx -U c^J^' 3-^ 6 j^ L* 

p^l) 0^ ^jLc. Jj)x,^> 11 jJL JIj-o 4 >*\ 1 p^L 'i! ^LLa ( JLc LjI 

yvJu 6^-,gj^ ^ ^1 jLudLrd (3^3^ — pLJ^jxJ I (3 4jl£ Jj 

OjO^- 11 J^ o' £*j -LS-« OjxJxj Ji'j^ oL>jO^J^I o^ MMjO* 

c- 

JjA^j ajj^j t £± nO JwlC V Q XJ jUj.u O LclA 

^ij^LiJI ^0^ c^3 diuij J ^ <> L^jj J ^! 

^ 4 a u<i% II 6J-& O0o^9 kS'i JJC OV-^J L$-l SJjXa 4-a.iiii^v JIa 

^jJI 4,ii.liu LlIl-U I ~0^5^ cl ^iXJj * cl /n*Sl 1 6JX.L5J ^ J} lA^v H Jx 

♦^Jl l£Lijl^aA cjL^ILx / /p> a > cjL j^->^-fl-l I d^Lu s 4 1 /~\) 

Kamerlingh Onnes L >udjl goJ^oLI ^L^iJI *. i h£L 1 

4-u^g^Jl 4 xajjULo jiLfl LoXX < ^ \ \ \ 4Jlxu J^jLflJI ij-ux^ jJ I 

*w» M) Sjlj^Ji i-.jJ 



^jjj LSI L 4^^j j 1, V 5j 




j x 


J_c 5 J>jU. Jx. ^jajajjl J ./^-v .(^V'A^- Ji 0\-iK 

Jj^-I 0 -0 0^ ellj <j1 *^l t ^ ^ N X* 4j_cu 4 lAfl ~^_jt i) 4-^.jJ (3 4jLakjl 

^jliJI j^jJI S^jfcLia j\u.Si ,\ JjLuj j* t^ai > ^3-^3 

John Bardeen ^-L^- i-oaAC. 4 \ < > i &»* s« i^aj 

4jji^» Robert Schrieffer ^ijll^%i o,Leon Cooper 


^ ^VY 4-I.uj pL)^x£l!I (3 v - bv3 _> ■ "*dj 


iljjj^J'ill !_$_> 4ij^bJ^ J-C- ^/v- fUL Aj. ! ! 




IXii 




,3^ 1 


K^J I 


a Ja.IjlH dJJjJ 


ydl^^ William Shock.cly 4 jLa^) 3^ 4 j_tu Xx« ij^_uLo ^po i ji 3^-0^ lj^ 

^» ls ~\ 11 Ijjj) ^ 0 "A d v/pi 5 JhL=i. '.’^ ^\<JWalter Brattain 

(. <. 

I Jj>> Sjjla* J-C 3^0 Jjl ‘ 







j\ x\W (I ^ 1 ml i\ I_S L^ J3Ld yi\ 13a i Lo.fl_i.Vi LoaS 


Lu^-T^I 1 11 dl uj“, wO *_fl I^Lu^d 


dJj *d^lxuj ^ILlI jl^l! ^ 1^*3 <4XjLS Cj^J ht> 




?rW J jl <Ji d oljdlJ ijjl^JI 


d-^ (^dJ (3 4 ju\&:^.jU Sjlj^JI oL^jJ 3 i^A-S S^aUcJI CjjJa ^j£- J^a-tiiil 
CjL^^J Cj-^T) 4XjU pd JI 3 -L I ^-clXj £t_i_uAjj .<d^ ft K 4ji.jJ ^ • N 

3n 5^%9 iL^- luAj SjLoJJ Sxd3 V\ 1 SjLo d^° v„ 4lw> 4-a».^)A 5 jI^)->. 

4aj^£^ CjI CjI 3 6jli1 6 Jj^ 


♦ 4_>jlx 


6^)l^)-^- 4^.^ J 3 cJ 4 JV \3~" 6 Jj^> jl^il ^jl da \5 ^ \ 4-j^J^jJ I J^Lij^ 


<(4_>jLaJI» 0^1 ipj-lLi l4jLjLaJI od_L^jll J-i-^-fll ^.A OAid iijJLlI 
4^j n Jt CjIjJ £--q Jdl Jaj ^ 1 Vj -k^tAJL d^^zdl 4->^^> > ot-J^j^JdJ ^oxuj 


dd^-d 4 xj^I^ ^ 0 ^ 43^ ■i> jjLl I 

CjL^-J^ 3 J L*3l II J^liJI 3 ^1 CjLjC jLx^-^Jjl 

** 

, d > A Q -V \ 1 1 S^ljjdl 

^■hn!i ^jl (J- 1 -fl LaJlj d-° JL» 4 JLjLqJI Cj*do^ll ^Li l^rdl P 3 -LUJ 3 
Jijj (L^-Ll^j Jfl ttt\\ d-° 4XjlxJI cd <o^al^ 4jufl^lil oLoIjl^Lu/^I <dJ3^ 
.dJ3 Jx Jllo Jdaj is lid I 3 Jl53 ^1 C^ljIdJI Jjx 3 , 3^1 

d^° ^goja^Llill JLdJ d^dLi * 33 ^ 4_lj^ 3 s^UilL 4 -SjLaJI C/3 10311 
CjIjL-^j Ljj^ifl jpliJI J^^il LgI i^jLxJI J-Li-p^IiJI olj cjId^Jl 
JUll — 4 )r> QII 3 ^goxdaljJtII JL^-ll ^SLUj 4-^K/a) Jx 4_u^^ 

yX 1 fl 1 - 4-> /n iJqIjJlII O^L-=dl d^ Lg ^ yVt Juu 2 

LqXX . 4 v i vQ K CjL^jJ ^_uiu d-^^dl JjjO d-° ^ ^ ^3^ ^1 jLo 4 u-LcX 


p 

d^J 11 a g \ \ i jdlll 3-6J 'ill £-S3I1 J j 3 d^Li ^d^Lili J3-° d^ (J- 1 ^ Q > 

^o-tuI5 1 q ^w\jK II jd 3 d ^ \ d 3 d^l^l d^ 3 ^d^ d^ dilc 


Jj^dl d^ ^3Li 6)3^1 d-° LSLajI d^ldi d^ CjIxuujj^ 



4 )rkQ 3~ JI 



Jllfl 


Lojilc- 3 ^0^^" dIJ lIc. 4jj^£. pI-lujI Cj: Y-V ^J < \„u l i 


^-lI^lLllUJ t^jli (JjLO^Q ^>,1,^ 


t r - 


^UJl 3ULcu 3 j*-^-> ^jl 


5^^.fl.11 j^j£. JLclSaI (jLfl <<L*Ld!£JI 4 ^ls Lq-> LiLls j 

^lll) O^Luii^J1 6JJfc J^Xj o ^Vu 'ilj i4Jj) iflbo £tjlSj ^JaJO ^ 10 \*\ 1 Ij 

■,^,rv 3^ lj| LuIjLu (Josephson 3j?<nd * 39 ^ o^l ^^ ^-a-ulI 


LjLua 3* 0 11 3 ^ ^J. jL^ 3 ^ <3^^^ 



3* 3-^*-^ 3 jmdj j^ 3* £b J j* ^b 

3 JV ^" 1" iIlL^I L*A Lo-ftl \i~l% 4-J L Jj 4^Jfr iU 3^-UI 3"C l A fl \ A (J£ 3^UJI 

^1 - 4-jLq (^JXU^wIjLu) 3^-UJ 3 JjU 3 a 4 5 \U> ' A j w\ 3 Ia^.^LL^J 

«» ** ^ * 


L&4j 3^J' 


» 


♦ ^ ♦ 


3 3jy^^ cdjluj ^ l^L Ul - 


Jl\\ 4jj^k iJ 1 *^jL5jl 3-ua-flJI 3 ^ 4 j ^' 1 6JL& LUj-oj i^JI nt£31 

.^IjIj^JI ^JLc 3 C-jIa 4nll t kl 4 jjI jJI jy ^ 3-^-* 


3 U < \r\Ci c 4 i^.dr^\l,l Sjlj^Jl CjIajJ 3 p33^J1 30^5 ^J.rk?L> 

4auoL>» ^uLlu! Ijjfe^ <3 ->La-' 0 3-OJLJ ^LlcJI 1 1 flJ1 CjI^jJ ^ il r\\ m \ 

4 ^ylj ^lj 5j)g o 11 3 ! *\ \q Loj\c t4«5jLdJI 4Jjp in.ll ^.a-uj 3 3^LoJl ^ j)-i,1q 11 





lii !^ul 






J -uzj* 


L) J i U ^ J^ Cj^Luzj ^ £jj :V-V jSLli 

. P^-uZlJJ (V i t U%~ /nil ^ Q /Tt II d>j\n 4^XXxu iojjJci-LO ^ \ U~\ I 

6 AaL<xl-q ^)^q-j |\,ia is\ Jl Ij-fc 


*«CjI a vah-% lt» 6J^$J 4 x i Jail Sj\IiS> 


4ajjJJI (^^5 Ij-Lkj t qq^ti ^3 JjLuJI Jj i^ljjJI 4^^> LULlu <4JL^J 


Jj*JU jxj) ilfl H £-a 4,tu.flJ Jjla* <<JjIjjxJ 1 <3 dll^S^v^l ^3-li 


*-l5j .4JUJ LoL&j 4j£^j j] 


IajI <jIjjjJI v floyi-t OA-fi-K 4^.jj 


4->^JL-u3 ^jjO ^uUj iplj^JI 4jflL>, j\JLJj I plc^Jl OLil^fc. ^JjLllJI ^ 


■tiJLXJ 


^jLlliIj 4 Jitlll JjU ^J>llfl 11 ^Li * 4-i^JJ^j I J)lX<3 £-A jljjS ^jjl j^jll 

<J£ jr^-tuiu X\JJ 4 ! 5j j^> LgJ'iLi. ^clj ^iJl 4 -jjJlJ^JI Ojlj Ijl 4jj)0 mi 

«% 

£ £ 

£-OJ C£>^ S^-QJ •^pliau^l— 3^ pLuSl^. 1 o L^ llci x^TIA-1 <_*_>jjJI cJjimJI IdA 


5^LL=JJ 4 \\t\% II oLoIjrkXuj^ll 4 t^SL^i\ 4^jJ <jl 

vll^-Luj (JjLoj 4.J u\ 0vlI CjL^^jJI 61^ >liC CjljjJI vll^Lxi <jLi 

4^1 CjLlLojiJI Sjj^J 4xo^)-flJI 4j>l ^3 4-AjLflJI cS ^i <3 

pU J iljH^I ^j-I^JI {y> ULfl -cU-^i 


<4JjJ1 ^3 JJq-lxu ^^jlL^JI (jLi *oIa 3^ c3 *1^11 ^oT 


f-^3^ t>° 


4 a ifl JlIcj 4 \jj jJI 4x.^vxi jl Lo JUCj 


4JU 4 \ r & 5JL>. ^ jaJijuj <IjjI^ LjLj^uj 4.K 



>av 





<^1 jd>i] Ua3 L^ £ ^XLxxjuQ LlXU i Jjlii — 4 -Aaj 

SjjXo S^J 3-° ja^I 4-ij^q 4±£ 6 ^3 11 fl W CjIjJ v <J^ ijjjj 

^£^lxu La^j .^Jl ijcl^SJ LS-fl^ til 1 u C\ ^JLc 3 cjLcu-oi^JI ^1 

i 4j jrslu ^jXLAlljLa olj ^LujlJ Jx U I JjuuO^llI ^3tul^j 3 ^°-* iciLij jjlj 
^ jl*JI ^^ad*- ^cl >3 * ^kJLxj Sj^Xa-o ^Jl 4 _>jh1a Cj-u. .ijjj J x^4 *m iij 

xLaJJauD-A ^j(jQ^ l O^JLjloI J cl ia iQl J<^ ‘d i P \l ^ \ Q H 

Cj 1j J I ^lc Li ^uJj O Iai^^J I P LwLlIj <(k £U ix^U^I acl^iJI 

LjJ 4 _laaI dllj <4jjjJI Q..i^?> Cjlj^-j)-ll ^1 fij^iull 


Jaajjj 


<DNA 


SLXI 


4 >aJl CjI^j V^JI — I * m % 

M M ^ * •• » 


.^Jl 3 j^UJl cxfl^JI 3 L^3lj SL^JJ Logs 


L^jIj SLpJI 

dJL-A 3[r® II pIxoj£ l>* <L>jlV\l 4 \n\x II 4 \ aA yj 1 yC. 1 J \x \ 


lJLi^Ij ^Jl 4 i/>q 3 ol \/Till Cy~* I^juLla 1 \ a^\4~\ LL^LljjI 

^3JI i 4-aTi^l t5l.11 <DNA LJJ 4xu 

*• * 


Lawrence ^l^-> ^ulilj^J 4 Jauj1^j olj^JJl 3^ X 4 * nil j^a>. vJ aa! 

<jii 5 1 4 .l» ^Jl olj^\iiill 3 ^)LiAd-flL^ 3 Ia«.L* pUI ^J^3 ^J^33 Bragg 

t J-AxJ 1 IjjSb L^ Jx d fl.i^l \ a ^ 4 JLUI 


iJ-aaJI IJk S^L^ (J-c* ii 


njLcLc. LLjLub 3 ^ Lojilc \ ^ N ^ 4 jl-uj^ 53 ^*-^° d U^v3 

Ltu_i^i 3 11 oj^) SLjJI ja^ Jx. (Luj_i^i 3 

±x_* 4axuUI ^-laJI (J_u^jJL» Jq*\^ il (j. 3 ^^ 4 J.UI pUI 

43L±v)j.Jj ^LjuxJJ 3 4-j)^Ll)) 3 4-Lt A-LtS JhM oj£ ~^J ‘‘^ Lui 




Jac illl <4i \ X ijuilj LoU. 4-xJul ^1 CjajI <LcL>j LLuj UlII 4-3Lxu^) 


JLxJI ^=fc.l^l 3 JJA 3 * m } Cy* oLaxm^Jl 

%% 

ciifi jl - X 4-Xjil Jj) l^kJ jAXXJ .^jtjlUiJI 


<j£- uU^Ii ^Jl X 4-xJul CjLa^-o Jx. — oljjjJJI 4,i\.i jlj^uul 

4 ajaJI oULuil jjx 4^3LJ1 JaIjIJI 3^^! *lqaaj^ 3 tSj^JJI 3 o^jJI 


UA 



LliljSJI gL lItVO 


6 Qj jJSj iX 4 x <ul oL>^a (JljJal Sj^LJI (3 oljjJI 3^ 

SjiLxil ^JuJI 3 6 J^Aj-LI oljjJI JjI (3 4^^jJI 



3-° LluLluI N *\ N Y 4j in Os3^^® 31 *~vI I 5 j\ jls \ill o^L^- 


J*uO& 3 jLLujI 


J-*-^ ( 5^111 < gbe l>^W 


3 JoL^iii J 0 ^°s 3 (^^yv 4ij-u 33 ; ^jJt 

J-» JaJI 1 * 11 3 ^J^Jl 4-il O Oul^ Uiij .67^ ^£^-2*1 c l \ ,7. 1 tSTi iX 4jlxu1 

J. .J SjM^JI oLa*J^I Ojl j .JQaII IjJfc J'bLi*. «4 jj^j^J 1 pLjjiJI)) 
4jl-uiI 4Ja-ujl^J 4 fc j^^J^ojJI ol^->3^~^ i— 1 4 ^*u ^ 3 D. B61113.1 


3^ yvj^JLi ^£3 ^3-11 6Jfla.ll 

3 s $ a > 3 Max Perutz 3-fj,/^ ^jx^Lo ^jUl^LJI 


J1 oLulj Jl Jl iX 



SL^JI 


^fuuu > < \'VY iuJ gUxn<H 3 SJjU. JohnKendrew jjS& 

(p*^ J Cg > “>^ 1 is'^ *t5>J0 cyV 

4_juLL»JI ^_3j^JI (JaS tj CjIaj d>L^M 4 •% n\ (c/>i is\* II 

.iiiljJI 

«* 

^)i> \ nul^fl «^LA!I» pLoxul 6jA uiJI 5 jj)L- 4I)^I 3 J-^l Jl olgi-i^l 
£J^a 3 Ij^l^ ^Ijill L&jfcj t4^uj^^Jl Ll^jJjp^JI 6 i Ai \ 1 ^j^.j..ai^ 1^ ^uaaaj 

4^j->^N^ijiJ' ^j^-5JI cjIjjj iurt4. 4_sljj 3 DNA UjJJ ^9 <j3^ 3^3^ 11 

(c^^J 4 ^jLIlaj) «i_daJI jl j S>»^ J-C 

.mY f U j LiJ 

£j3^-> 4-^JLjla 3 3^3-* 4jj^J Lg->Jjl ^x}\ 43jjll cjL^-C.'iLl ^£Jj Lojufl^ 

3j1^^ J1 cLUj^j 4 4^jjpaJ 1 pLj^-i-fiJI JL^-o 3 (lA-flJj^-ll jl^^Jl 3^ Aj^Jl 

II 3^1 4((l-Ufc.^JJ),\^>jJl))^g ((pLi,A 1^J1» ^ 1 ^ mc\ 4VuiJI 3 

3^ ^-^aAO j5 Cjj^II JJLJ 63^1^-11 pt ,1XM gr.A ml ^ ^xll iojLu^J) jd^-flJl 3 I 

%% 

CaJ'jJj *V«j Jl — 3 j mlo 53^U. 3 ^ ^■■/.u.fl ^t-Lc 

^Ij olj^LJI -Jju UJUlil ioL^JI Jlo^l *> jnXJI o>J ^1 *c^lO 
«% ’ «« 

4juLujJ I 3 ^ OA 4^ iu Qj fl oj I 4 J 1 I ^1 4 DNA LjjJI 4 _uj />£. 



P^jJI 


i_<3 iH 4lxfllj Ji^\ ^Ji^o 3 -&-jI j£ P1* <7i Aflj <Lfc^oC 3 ® 

LaLucxS ^1 SjliiJ ^jIj iS ^LJli £ojl 3 3A9 <«£3 J J^ 03 ji^J 1 » o3- al ^3 
5 jj)-urJI 3 3 ~ ^** * 4 ^ 5 U (J^ '**■> iJ-m-a ^^3 L^X*J^C& 3 

• 4 -loAjJ 4 j‘SLgjJ 1,^,a ikij 3^ 1 

m 

3 Lj^iH 4dli 3[ 3lj5*3 JjJ) ml^l^J pjl ^xll UJ^* 


I c_jl in]I *■ .4JaJauJI 3 3l3^“° 6^ ti*-* 


Sj^a Jj'i! 4^1^ < flft 3 <&\j33£jJI JJO 4j*\lc 4,i i g, ^ 3 <3 


p % 

^.jjLijlJ! ^J mil Lfc.li t^)XijLLfil^ 3 3 ,<ft * ■*■! 3^ p "V H LgXlC 

J>\£ L-jLiJt 33 nilrj^ tpLjoX&iiJI 4jlp 3 £**3^1 vlLJj 3 (J^ 

3 LuJL*. <LgL»I a 1 ^> g ^)Sn 3 ^ 4^1 vdLi 4 ^oJjlJI 3 ^° 

** * ** » •» 

la in-Jl ^.Lgj-AIj ^jJllAUj!^ £ui^^ jJI Jlc 33 <nl^l^ 3*^"* *(J^^ (^jl^J 

3^-o 3^* pJ L^jI £^o ^ pljLijl ^Jl 5 (jjjJI (6\ klL) 

3 ^ <jl 3*3* ^)ii,ini,\l^fl Lol .DNA LijJI 4,K /lid 3^ 3*J"^ 3 

^ £ £ * 

4-^.jjJ asJLluj Jlc 3 ajlj 33 U Lu.fi 3 ^ 4jSL! 33^*^'3 (3° 


3 ^ ^joixJI 4^)jl3 3 ^ 4.U*>. 3 ° 3jj^ 3 J^j 33^^^ 

** v,k •* 

LS iL biij i<GJL>. (3 la> “‘ I\'jii 1 Jl) j (_jl ^_o <4 _ljLiJ1 4_JlLxJI i_j^aJ! 


4 jL^ j 'Jj ^.^JjJI Ji J^xli fjj (j 


j \\ /r.H ^uLljJ! 4 ^w % % % * 1 ^ ^jjl jl^ill (j^ill cjLijjJUjl 

** * ^ % *% ^ 

U^ tN^ll 4 \<n 3aij 4iVC yvjLjuo <_>LS^ 4 jJ^.1 


M 3^4 nU^ AxLfcJ 3l3^“° - 3^^ ((SSLl^JI Lo» 4_J l j5LJ I 

•% 

pi1 a t aj S3JJ 4 wuLui^ll ollj^aJI & 3 53^ ^ 1 * — 4jlC 

pL^JLk^il 6 JA 4lr ^id 13 J >^>iu 3 ^^ CjL^ 3 ?^^ j^ a 'j) 

.4_LoC 4 >fl S< ^J) ^- 2 kJ! ^a-LLL^JI P-Llj 4 \Q 3 ^- pUjl 1 11 3^ ^jJI ol Li^JI 

Jlo 1 q W a tpLiiaJl ^ji jiiujtil 3 ° 3^ w^SLsJl Lo» LqjlIc^ 


3^ ^ J33 * 343^^1 3° tbju& 4_x^. pllkj^t 


4-la-ajl^j 3^4il 4 -lIIj^JI pl3^^ (j^ 


«* 


(deoxyribonucleic acid) ^>^^1 c^j^' ^A^JI 




LLjI j£j| iUr> 


.DNA Ljj Sl^lJI 3 

X 4 3i ,4ul CjLLlj <jr\-oJ^ixijuo Lfl j-iT. ^aJi LijJl 4 a1j 

4j 1 u/"\ 11 4-xjaJI L.fl CjxJS (j.i,u.>5k lt^ ' \ if, J ^jJI 

^j) ^jjb 4^4 uLlo^I 4,a milj * 113^ 3 4 ujL^JI CjWLci* H 3 Li all 


\J 1 ^ 1A a i \ UlYA LijJl 


ZLuAjuj 3 — J£-l^-5 SLg-xllLI — 4_ul .la I Cj[j &^il 4*j fcn \ t ^aJl ^.n jr\Jl 


4,^7^ 11 UbUJI L^arv^iu cjLojIjlII <^^311 DNA Lij 

ajJI 3 3^' 3^^ 3^° iJ-ojiJl 3^-i aoIaj pLlJ 


& 

Lujj^ DNA Uj 3 ° ilij^. 3^ u 0^-°-^ >Lq.1ac. ^j£S cj^JLio*]! 3-*^ 3 

L£ cjLL>j>^J 1 tLU «__ilL2^» 3 oa 3 a^l^Ll) 4-LnLu 3 a *y\\ 

411- l^y II iloiLuj 3^3^ 3" C ' ^•^ C 'L5 J£ 4 -qpI^oj 1 ^.x.u.Q.1 j LqLoj 3^u u ) 

45L«^jI J 3° 5lj-A Sj^uD 4 L j n Lfl-Llib ^aJI £-o 

> # * 

pLuul^JI ^jjb ^La jl^c ^jLi iIa* II ^a^Luij^ La^ J 30 ciL15j 

.51 k^k.Ll ^jl*kk ujLluI ^A4j1^JI * 1^3 <4_jjaJ! L^L&Jt 3 ^*^ i£JI 

>^fl-u.il 1 3^Ltu^J 1 ^N.i4=>l 3^ ^jL3 

J5 v jl 3^* 5Li-^Jl 3 S^-CLxail q[ Ail*5,11 3 


CjLuI^JI 51 La 3 3^1 


l 11 4 il\ 4_U_1 ill i 


3° Nq \ j^x-11 3 ^ i4-ulj^ll 4 j-u \\q II 3 jjb 1 

3 °J t4 _ua.jJjajJ 1 j iuLci^Jl CjI >i5~ill y* Li^3 4 )r\ ioI^j (Ij j) 4 _uIj^J1 6 jlll 

„L^JI UJI Ij* jiA L^iJI Jio *ijjJI oliiKJI o^- 1 

IjU 4 uuoLaJI 4_ulL=aJ 1 5^.LaJi 3 4JLi.jj^ JajuaJL) Ja-aijJI 3 ^L^JI 

•• 

(j-a <UjjuaiJ £/J^jjaiSll ^L u a 4j-0\ l S OjJUal 1 Q)La^Jljl 1 1 lit \ lofil 


j i *11 Jj fl t m 4 k I ^ \ i \ j I ^ i > I i y^\ 1 6 ^ 4 P ^ L 11 d 1 \ 1 1 

S^^juOJ SLaJl 3° ^ a! 1 J^iall 3^3 LoLaj 4 ^^1U1I 5 jLi I 


0 ^ <^C 

^JJqjl^aU Ij^qjLLo ^jg.1*0 Sj jJI ^_/l uij.il I j 4 mfli jJJouuall pi \-v~ ...I 

..J* fllL 1 J(Jgjjl 

.Jermy Cherfas ^ .j^ill >J t 




4_1a$ Qa. i 11 


jj) i * 11 ^y& 4_i jni-JI <-ulj^jJI Sjlll y\_iA3j J^ajJI ^-1-Tvj .4,i*jjJ^ 

Jljla ‘Jjil aUS-LI J unll JlLa JSLiil J Ui \ mjj 

’ ** ** ' w 

<i) u-ijJa'iH 6 j}1cxAJ i ^1 yX <4-JI (J-lO^jJI (5^-1^ C^U^AJ ^ 4j| 

*11^ O^jIaII J CjLjlj^ur^H J 4xilj^JI 4 -luJjl^JI 4,1 i5l aI^tw i ui\ ^jJt> 

** ' t» 

4->j-Jj-JI £j[ ll Will ^ ^LxJcJ I J^k-I ^>-Q JjLu^ 

iWU I <JjlJ$ ^jl^o (3 J v _l^ l fli 11 jL^jl ^jSLaj 6 >a a 


I ^j£. 4_uJ^JI 4 -luJjl^JLj ^ao) aS £_ux^J I (jl 4-oL^JI 

Jxla v_fl jtLxjj i(JjjLLmll (3 L^_i a-Jti I — jl W V^jl^ — 4 jjLaX^I 


LT^ 


Ij^JI 4 jojifl \\ ^yd J>y> I 4o^JI CjWjJ^JI <jL» <cilla £-<a ^^>juUJI 

^ ^ill <^*-11 KjjKJL JL^JI l fl Jx JlajLxj l y£ A xi Ljaxu 

^ p £- P 

I ^1 1 aC- <X 4 jLu!u I Jj^j-^v CjLjLlj ^wifl > ^jl 
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L Q IjUl ^jl Lia-lc iCjll i^Jl 


\ Q tf\* \ £-0 Cj Ij 

4-L^jjI 4-Lxiul^J^ l-fl-u^AJ {^y& 6JJL=b^o oUl Aao Jxj <WiLfi (3 

cl \ a 11 4-lo^JI pljJpxJ I ijjjJs ^j5j ^ £ J1 Ijjfcj * d \ i » a S^jq L$J 4-uLla-l^ 

. 4 Ut \aj I I v^ aJ a 
z*sr^ TrsT0cr"J 

a5 jJ Lo-a J \ i,n0*1 i 4-U5\ll 6J^S Ci^Jlc Jfl 1 

NCW Cuinu Lau^jlj (3 J lie (3 O^Ii I aS^ t (3 4 j * o L^. 4 i.K J 



a^JI iJL^x j jlal/^ujU j jj^ Scientist 

iSj-oL^JI 4JUJ1 i_ ^ 1 <4^ulj^JI 4 -luJjl^JI ^jl ^ju (j^ La 

^/Xcul^il 4 )r\ iQ^v dJa jLil a5j ((•^^LjiiJI ^1) 4 _s^^jJI CjLL^^q 

4-lujjl^JI 4^3^ lj)-^-^ 4 Jjl^, ^111 a^JI Jl ^5^11 ^-cual^JI agaiil laab J 
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.Sae^l ^olxJI J£ Jl 


aaij^Ji 


^ • *■ 

.JLiikJI J 4-La^dil aa\ 1^V^Lil oa^ Jxoj la ill^ ^1 

^lilj ^4li1jjJlj a^JI 4jjJij ^^0 t UU ^oil J^LiIij^l Lcii 

(jl ^-Xoil jjlll ^yQ <4^^ (j-^ .5^11 6a^ L^ju^Ij J^Luj^l (jl ajl 


.Jeremy Cherfas ^J4jl_fl J \~UJJ eJjb Man made life ^ SL^JI * 
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lajl jSUI 


J i Q ^A cLj. ifl 11 j -v \ dL (Jjj * d Q t Q -V- SjLl^l £aJzxLuiJ 


DNA LajJI ^Li^l <jjjl <_£jJI til 


6^ u[j ‘^L>^ LJ^Jj (SJ?- ^ 

t P ^ s# p 

jl^^JI ^Lew^ 1 pIj^j i_11 iuJ I Jj-oj <LiL^I uaa.z^^A 

(■ ^ i L^L jj L yZj J ^ij jj-u^ Jla Jlill 2;l^j J!Ls 

4-lol m A 3 J^Lmil 6JA ^1 ^aJoJLa ^b 4aA^Jj^.l A.I I 1 j n 1 La £j\ 1?V > 




£-a J^cLaHj ^jJI ^^aJI 3^3 — ^^a j^^%ii jLil La^ — pla^ajujl 

.5jS 31 £\ CaIaAjA (J Oljdjl jljlll 


OJljLuJ ^AA (3 4ald ^£jJI ^A LxJI JjIaIJI Ijib ^L^Ij^vJI IjAJlA^ 

llok ^ 4^J Ulk*j ikj I /«< JldLxu IJ| 11 (j.\ f\ ' o' J J* 


JaI^-S J jmu ^1^ <4aJUJ1 LaaIaa ^3 4 a a 131II oLojkLuiil ^abl (j.^A.1,1 ^1 

Ji^IaJIa JoaXZXA-LU dLsU 4 ^AA j*}\ ^JaJSa mil <3 ^qJjlJI A, JiLllI jJoL^-CJ 

%% 

^ la^a^^J 4 \ 1 a <n I iJLLsoJI^ 14lLca v i I ^^uLJ I I ^ * *k tS!\ \ 4«aaIj3 

(ja^LaT (JaLg ^ 4(_£^aL 1I uLkAJij ^ujIJ)11^ 4 -LaJlII) 4a^^aJI 4.5Ikl 1^ 
^Juu3 ^aJI ^ 1 uaYiAul j SjjJa 4a^jl) 4aalj^JI 4,i-u t ,Ug 11 ^ 

4_ji_4juI^ l LlAI^ ^)J)aJJI^ ^4 j 11 ^JjLu3-3^ ^Llua^I 

{jA ^-cJijtJI 4 \ Ac^\ Lu jj ^Cj^I j 4aj^^_iil 4ijkjajJI 4^1^2fcJI^ 

^3 ^)3^ (J>\ <-A * h 'il 44aj <iu 11 4a^>izilJla I^jco-lu d5 l^-la-to ^juLjJI 

<J 4auL5Jl 6Jjii ^-ojI JjI ^a-c d^-lj ^1 ^S^a jl^a ^j (4aai ^aJI ^alaa^ 

4^a^d-^-l 4a ^-o-oia ^xJ Loaj ^x^Jjull l^aal^a-c ^3 

Lqjj Ja^laJLa^ 

^a^Jes oljL^a^ll 6Jib J-£L£ 4^xibJav^ I j^/m j. I ^xib^ 

'il Ijaxl Jj! ^-q J^oJia Lgal jJjlj ^aJ 1 J£.l^ijl ^.1J^ a m la 4 ^-jG^JI ^ g laJ) 


4 4ajub 111 4j mil J^-SatJI OAjax ^3JI djljlaxa^ll .Jajij IjLl ^x^JL> 


■ ^^11 ^g.Ull ^ ((Ijll)) ^^O.j jaxl I Ijl La 4ai jJ ^ . ^TiH c ^i 

SjLc ^l!l J^aC^I ^i^jla j\~uA ^aLi^JI I Jib ^0 4 v^aJ 1 
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.oLubjslaaJI j Cjlal^o^jl jA> > <3 ^U\'lj ^LuaJI Ja^~> v^a Lq 
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Jl Lo AKJai-o JjL^u ^jl JaixA^I 

«.U$J$a JjLaoj jl jjJ JaJl Jl jl <>« L$J 

>AT£-W£0 




jJLJI j»JX^ 4*0 jj>}\ 


4-a-uJI Lqj^j — 4 <c\ hl£ ^j^j^jL^J ( jSlsJ\ I J_ua 

41 \fl~n ^1 iJ-lA CjI j),Vm ^-JlxC Jla 4V\ 1 4->jlV\l — 4 j>jj)^.11 

^jJLlI ^Q dxo *i!l Lo J^LxuJ 4-J u-i J^-*-J ^J Lojj^J i£ Lfc 

(3 ■*■!■>j *y ) J3^Li^ y\U fl.11 lj-^ i ll * i\ in I jlj^l 

(J^^- 4-OjJLxj 4 m \ uu 111 1 Qjl^^ A *V V“l J^LI j j\ <\\ v ti\ 
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p p p 

(j-O jlu LI 4 \ <11 MjJI i_)l Vxu^jl J^fc.1 ^1 •«(j^- * -U.' i—lJJ)) 

<(£-juqjJl)> JlLo jl^-sLfl ^oJfcLfl-LI <_JJ 1 i^J Ijr^l 

^JLc 4jssLtajj ^1*1 *i! (j-3LJ Lq_l£ (4j>il 4 ^jj^JI) 

cUj ^^1*1 IjLo-fl t4_o^JI SLl^JI lJ 4iW" Lq JiLq pLjpiJI 

4j jL*.LI ££- 2 *jrl-ujl S^jAjlu 1 ^fl iAa i ^jiILaJl Jufc Jcuj ( j < Cco s ^ 

:*UI i^uLu^l 
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4^l jc&^ (A q} £jusjJI <Jj £tjll tl>^ iljLaJJ 6J-^ 

1 (j i n0*> SjilLflJl J) \W>^ Lcjlj jl Jj 'i (Ap) 

^iJI aSla\JH\ oly\JLiil 4-xlc jlLu Lq ,J£J nJl ^JjlJ 
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‘(>0^ X 4jsLLxI I Llik JjLilJI tfl ^JAq iJji-fiJi Cj i .v 

(£) 45LLJI ^j- 0 ol^/v..*rJJ 6Jub jJILo 

cJljLo ^Q^-JI LilLaJ 4 vII ^jj^LclII (JL5j «(f) 






JjJj^o J^xLd W5.C o11 Jj-o j ^aJLaJI <3 O J^-2*^-o 

4jjj 4.,a,uija *Jaj)l Uoja^ji-Q LoiSLfl \\W ^j£, cjLS'Ac 4 
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( jj.^.JlJIJ (J-i I 4^J^JI 4 VA^J lUfl^JL-Q O^-4-uQ 1 


JfljjJI {>JX ^^la-a 

pLcJjlJI 1 1,1 Q~\ i>>li i \ *\ V V 4 Axu cl ^ lQ 11 d <3 4 Jaj 1 I gtjllilJI OJA Cj^Iu 
t ^<J I \£^\£A 5j-ij.^. II o^JjLxiLj ^j^aILI jJI^jj Ji-o 1 ^\ 11 

l> j^ki ^golij (_^lj i ^ 1^* a (j^J J-c. (jl hi^\4uL> 

iiliSJI 4 jlA Loj O J i~* Q 44 i.i 1 ^1 ^cjj 4 jl j t^_iljl^-l 

wijl^JL) ^LflJI I^JjLa^j C^fi^Jl J 4^j^JI 4 »lo£j ^uLloJ 


£Jj ^Jj^. <_£j T^C. lijA (jl^ cUj Sj\ t 4 P \K-v CjLili^ 

^Juc cilj 

i?" ^ 

l^cixOO Jlj-* ^ (^J-il iljA *J~UJ ^jl 


OJA 


j5j i 5 i-J I ^ jc O^fl l^j Jj Ul£ ^SJI 4-o.jj.lcJ I 3^3 4 m lu 

llA <4j JjuO Jl 4 ^ V^Lq Oj£,.fl 4./n„gj >■ j-Gj^La i 
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13 ^ >iL> ^ AaSaiJIj ilixicl Jl l$ia 


jjjr^J'ill jmo! *4_l11 jJ^aj Lajic jjllA nt O-uJI 


d?fc7\ /n\ ,\1 JL> ^Lft I 
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j^- u^j 


TOLjljo taiyi Jjl J d^xi-ila LajLq iSLIo 


^0i ^^q LU oja 4JallrJI dJLuilj i(^jiJ \5 H I oj^Ul^) 


oj-g-^L) >,lc 23 ^°-^ — I ^>c jj^j LoIa ijL-<i^ 

lj[ — 4^j^ 4 ..lo ^j £^3-* 4 5 tj-Uk-i joi 




uji 


dJ^xul^J 4 . 111 O J ' 3"*-^ J^^QJ S^)j (3 

jUj AiK ojjJI ^jLk ^^jr^J^ll Ija £-flj^ Lajj LdL^ ijLxulj 

dJL^Jlxul 4-oLc o^ja djLoSLil 4 v a Loj ^,.qj5 


WA 



3 5 * ill 


p 

LLfl^^ 4 ^jSja 1I ^j£- )j-k^ ^3^ *4xx> Leo 5 S[j-^JI 4xq£j) 

4$j^ <xo^ jU (ji ft * ^ 4ji Liij-> i^i^i ^j-ojLuj^i 

• 4_iuXj Cxfipl 3 JjaAJ 4JDJJ 

<3 ^jp3^Lfc JLa lc£j i^jlt Sjoju ~*1 \ >aia"i gyllill 6j^-l 3 ^ 

J£u J^UJI iwi^)JLj Jj 1 ^ iWi m\ ^ Lul)) If-Lij-LflJI 4Jh^o 3 4 JLL 0 i-iLg-J 
jlSLfi^ll d i \ v W~ ^^11 4j>jJiJ> jJ^Hj iV^N j) ((. 1J-U5 4 J L f.LLA^ 4.1 LunL^J 

3 uJ-xj- tu La <J£-j 4uLfl £^ajJL^ <4 1 ^ > <n^l£JI 

3^^L>3-*-fiJI Lai 3 ^^.tarv 4^^a- 4 jlo£j aj3^o Llfl^C Ijj J^jU-tuil 


^ilVi mi ^ Lul Cua LgJ ^yjjuo ^ JLiil JpViil IJX S^pX ^Li OaJJ 

w _ p 

i/n^ ij £ Lv \ xv-vILi 6JL^I^ 4 Atm-vl iJT^^ 4*C^^ \ | 4 jj£&^ £J3 ^Jll I 

4^Uk.^il l£LulSLill ^yCk C^jbuJ] 4J5 l1a^Jl1 ^lujjllII Jya ifl mflj 4 -^ujJI Jx 

p p 

«.ll 1 < 0 o ^jl £-0 l»AA idll^JjJ ^ 3 IJjj^p—^lx 

3^ 4jt^^jJI SLuaJl ^JLxJ ijulujxfl 4jjLfiLo ^1 4 uLulj ^jJI dll^Jj 

iS^lx Jl Lu^)i3 (J-uopj jJ5 3 ^ j^J-U Cy*3 .i^p^La ^p^!l 4ul£^ ^xu 

4-Uua^JI <JLqx 1 J^-oj-ia jjux <JLLo 3 jLojI ^3 t^jp^Lb cL* jJI ^ JX 

* 3 I 3Jj pj-^l ^-5^pj Jjfi 4ul N ^ T*\ j jUiiuj (3 4 X 11 1 

4^1 ‘0.3 V Ly* J^J ijJ*-i-»Jl ^xjiJI 7 ^-iu 41!\ 4 ajI ^1 Jx. ^Jl i-i^Jcu 

LcujS ^-Lutj jjl *ij ^1 Lg-jLi p^ Q -Lv 5,0 ^g^iLau ^pJI 4 L 4^1 Jx o a^u 

«» ** w «• 

• 4jJ jx 

Ml 

(3 'ill 4\ \ 1 Uill Ijlxq <J 6JLA CjI\ uuxT> ^LJbJI J 

m Pm*« * ^ •* 1 - 1 

* J 6 PI ^1 6^pX — ^jJ^jlUlJI (jjiJI olpuj'JuJI 

(3^5 A'^jl (JaXixuIIu 3/^" J-*^ cl l^lj-iu-aj^ — 4 iixll olj-a^l 

C^jU I l ^Jp-O I j A 4 * iiil Xfi ^XxjJ I X djLfl'^lx I 4 4 »xuXj cuXpl 

JlJ l^xkl j5 ^^A^JI < 3^*1 jJ^ ^^Jl 1^-ulSLJL 4 juojLlu^I 

y JjW 2 ^^?- ‘ 6 ^' {"**- cj^^Laj 

4j^p2U Li-ojLojl ^liua L-U^ jij I JX J II ^P^ll ^-^.J^l 

4 jLl^ J^JLuuJ J-iX ^La jax 4lxoj ^ y~*~ u 3 <(j5^!l jix cjI^^Lxu LjL ^Jl 
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4 _Ln_fl ill 


c —\lut 1^ Aq d5 \^Uvll i «^JI t^l^oj ijjJ^-i)) 

, ^ ^ Y ^ d.\iii dUniljt d \ 1 -v iSt > ^ YA 4 ^Luj d t illNI d 4 111 i 6 ^-a 

^ <-lxuLlEJI ^-o (Jj.^k.,1 ^LiJLI JLLoj c-jIj^JI Iaa ^Lud jijj 


<r ^ 


SJuLujI LjLl^.1 ^-^.l^il 6 J.A ^Jlc I^j.h) <_>3LLJI ^ ijunl^g 4^\jtll IAa 

l§ ^^LkJI jLud dlldJ <<ll!IIL1I ^JLjOJI dLl3 


^j£. ^Lls^I i^iicl £ ^Jl ijj-Lki \ lJ.& Ll<o^-> oLjl^L^JI 

*.^0 rJI oLS^Lc 

4jL.AU Lu^ 1 O^jLjtil (jLi JuCj i^LJ^lllJI Ubl^ Ij-A^ 

Jio.i (2>-^ ^>0. iill ^j,.x j LjIjj Ijl <jSj-t.H ^dc- oU^Lc. ^j^j II 

^Li dllj 4a-CuLuJj|l Cj^jLxil ^yA JL* <s^ 

4 JIL 0 I p I v A. ~ i. ■ I I jLxll _L> f^yCi !■■ J \ ^ JXl J fl jJ do \ J) l^ 11 

1 S& «oLj^jr^J^jt SdifeLU La La. 4_JL-iiI i^jy \ m^y\±A ^IjlaJjuluI JlLo 


4 -\ 1 11 £j\ Jjd^jJL) *v ^ /ifl jjJ I aJ-£> /J 1 il^JA I n$Lqj / vuLljl 


U’ “ 
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43-0^ ljjA.lj 1^-01 ^jl dL-lc^ d * V V U> ^y£, 4^Lxi.lLuJ S jl d fl tS^Jl 1 


Lo i^\ oJ.i^^J d£ ilLjl Kfl fl V 9 nU^lJ dl 
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J^X4 


^-uj^d-Q J!lLLj^ lv5l<\\^ (j-tuJ |JjJU tijIjjJI 4 SxlL&3 

f- c- 

<^5j*ill AdC- ld-li /\g 0 (2/uiIi^-uiiI ^^LkJI JLa.1 dJl^J 4-^jgJJIJ 
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L^uu^3 Ij^q I CjjCLcu_i^I d5 C-Li^j ^ d vO CjujI dl^)Lau 'il ^jJI Ijjfc ^ ^ flU pJ-LU 


Lullxulj A \ Q \ Jjl d^xc-LaiJI ol J \ Q 3 I?\ILj j lj| 

jaJLx.il 1.1 a ^_siiSu$L> Ijaj ^1 Ijja JjIjlII ^>-0 ^^>11 ^Jtc* *_(J^c* 

£ ^ j.cl r t 11 I j.lc tSjLiJI d" * * iU 4 Jla111 4J!Lq^Lj 

>llijlmwn ^j-o 4 jI^C. pLiji^l ^JSl IJ-d> Jya ^.5,\\iI 


pLl^x»^I i|t!£Jl iij-lsiJ <LaJL)U3 (j 4_Li^laJI &*XgJ LLfijj <4 ■>frj*a ifijL^x-o V-u^k > Ioa 3lr^ 

^y^jLj ^!lJI S j p S cJj 1 Tic.1 3 ^ijju 3^® .^j-fl-dil ^Jl£. ol-fl^JL*-l (J Sj p s 

JLajt j ^ ^yi j 1 * 4*J,\ y yj 1 r\ 1 m "\i cjf^^ jLLlaSlI jJ.lV) ^jjQ I ^s-xAjJI IJlA P ^ ^ j j «^jjj^-sh. I» 

» I 6«L0i 3 & J*' * 1 W cl v <tNI i^jjQ I^_uj( 4^>a-JLI s 1 ^0 3^3 ^^ *~ v 3^*^^ 3djgJ.l 4xLdx!l 

«^- < > J1 j ^ La j Lik_j 1 3 < ft 11 3-4 L^_) 1 ^ A \ d \ m 1 3 %dJ < 3 1 ^ ^ * 4 _a 3 ^ 13 lull La j 

_ p (• 

,4j J 1 <^A 3-* J^ c?3 pJ o^jL*-o 3 J}^ ' ‘lt a ^ c ’ <JSj 






j^xlSu 


4-5 Jit \ ^£jJ1 1 a\ &S> 1 ^ ^jJI I ^.JjC. l v V iAt JjJj|«iil ^V ^ 1 1 

«^1^J)) .^jJI (J c-fll^JJ j\ ^Lo*^U 1 ^-llOj 4»jXj^JL> 3- AJLj ^ \sA\ I ±& ^j\ 


j^I \±& 3I3 *3*3"^ ^^3JI 4^vaj^JLj c-ljj-AiiJI (3 4 IaU pLdul 

•% 

^,g.4io> ^5 J^j^l 3^° 4^ O-*-^ <4 _l$ ( j!lulj (^jJI 3^9^-^ 4>txuLuj^' jLxWI 

35.n>II ajc oli^L llJ^j , L j\5"i<nllj m^LLI 3° 3-*^-* (^311 «3^3^ 


4.1 lea 4 4 m,fl j O-fl Q-ll (3 4 *J3I ail ii^JUo 


#5 £ 3* 


JpaaJJ TbLual T^jLS ^yu-J 


i ill 


tiUJI 


4jjj^ 3 plj ^.1 3^1 3 * t^. i*i15Liq jcl^S 3 .j^ 3 ° 

SiC. lr\ \ a A1L) 3j3^JI 4 i/\\ ^ £-5^0 31 3-^ ^ 4a/m^C 4Aj ^ ^Lluj^JJ 

3 ^ j^$ J4^c ^x ^L^l 3 15a.^ liLo ^aLlI (3 c^jco 3^3 
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^Jjlj 3^1fl tL^Lcu ^alll 3 ^ <3j^aIj 3 ^ 3 ^ 31 13 c3^>xj 

3-* — 3 ' 3^' 3 XO) £j?43fL* 4J>i* SjL^LujLj .3ja 3^1 3 * 

LiU £_a LoLcu j-a ^1 '_.*-« *A V*- y f) . <( 4.1 w^Lflj 3 ^-> ( c^Ltl — lj-iil c 


3-lSILlllO 3 J. <3i^^>JU0 Lq 3^ 1 j7i^ 


3^ 43 ^ 3 ^^ 4ji 1 \K 1 4juQ£jJf 


dJj -3 j j 3 <a 1 I 3 ^J 1 ^aJIx , 1 ^ i^n 3 4a xuLm I 4^a-gj ' Jj (3 ^ ^ 

^vVCSl! 471 1 laiAi ^TiqI \\j_hjj 43 ^^ ^vJl xJJ 4 Us\ ^111 3^jJI an 

4 JJLJ LdJ-fl 
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Si^illl .^*1 \^iAill ts^LA 3 -^°-* c ^ n d-Lu-aliJI 3 4Jluj^LoJI Ij-> 3 ^ 3^9 
yrJu PjpAll 3^0 lx.3uui j^J Cj 3x^x^lJ 1 6 J-A Caj^ 3 ^ ol3d-*J 

•oSjJl 4d| 3>^^' 3j3^ 3 ^ cS^JI ^j >(} qaII 3^jh3JI 


I lx. flij 34 a v /.ix 1 1^2 4^I jj) 3^ 3^J 4-lLl^J 1JI 3^^-fl 


3 4 kdun 3j 


J 2r*) 


4jaj-i Lo^Lajjcq 3^ "i Ijcq 4^^xJI 4-i.^5kj ^5^11 3> 4 3 aj 3JI i^TJx 



.1 jJ~\A \ tg ^ Wl-tii \ Lq 3^ddj 4 ^-51^_U 4 jJLju0^3 CjL-CLXU Cj7>3^ 

j^j j^Ilaj ^ ^ VV 3^- > l/ J^O^XOAj j 3° Sj^-flJI 3^9 
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(3 \ ~v n dJj JJU ^iJI i^JI JL^fl 3 i J-^ ^JliflJl 
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AiUCill 


Aoj)lVl O ^1 iaSouLu'il^J I 




^OJLJ 4 1^1. Ua o LqjLUiA 
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4-aj) laAl I ^1 AzvjjJ <Loj^IaAl i 


IajLa 4jfl Jj £jfi^ll ^yuLxS LjlaJ IjLfl ijflgxiixi 4 jJ| jJAIu ^ 
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U- u 'd 


I oLo-xu / 
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iLojujjl^JI 4,j£ i pLj^jJlII 
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.(<4 )) yuLaC Au-uilJI ^3-z* ^L-iuil 

ilikljpLo ^iLx-oii^ jliAl 6JJfc Jji^il! *SL>ljd& j j-oill ^jJLlaul 
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^xJLCr LcJ jX. QJa « La 


i^Iq^^LU liilj t4a-a ^lAj p^ojuJI 4-Li^dLo 


Li£ ^ Jj , Jill 4x.Li.nl I Jxo o-J ^! 9 «. 4 j^a>nJ I ^x» ‘iJLsljS 


jigilll 



4jj ^3,11 


(jjjrxSU^Il 4-ijli j-Lyill JLjX pj A iSUa jAc (Sj- 3 ^ 

A JjL 5 jjd 1 ^1 Vi Lajjj iB i5LU ^jIulo jlu^ 

jji 4 jLj (jl <j£aj 'il giyi (3 B ^ jp . / nl,l 31 


jlA n 'il LgJoC Jt) IaC f til -> t4uufl j 

** «* «* * « w** ^ 


<u^lcii Cj'JjLjuj ^)-o ^1 ujj L^jJ 1 & Jl A* (> 


^ L 05 J! 


S±£*j iLo ^Uolj 3| Li^laj IjJ A 31 (jl ^J1 

LclC. laixL ^jl ^ \ 1U1 iB 4jLa^! t 3-C j£ AljIj 5^-0 ^JeK\ll 

Ijl B 31 ^ ilL^JI ^jO ^UiJl Judj ^1 i4jJl jJi-u ^ LowUC. J_z^ 


NAY 




I ylt ^aCj 4 _lO^J3_)I 


* AJJ ((^^jcill ^ <i \ II u-UJ-ll)) Ul dJa 

t4-Jj~v til j* ilJ^L^J J_u2>L*JI jOjjuJLjJ I j-^Si 

LlLudj < iT i-Q 11 j A l t A iJLJI j *L^1 jAa^ a^j3 aSj i^aLs* joiiT* 


i„ i\\ jl SdyJLJI (jo ujjou U :JI^-uJIj <B 5JL^JI 3 

«» ** 


JLoUdJ J JVC JJ&J A 1 L> ^yG JUUJ 21 

M 

cJLui ^jl joll d^J II ^JL*J 4JuuLuil leu, 4-flji^JI <3 6*1^3 

jvLo P^u 4l I *4jJI j lr\Y\ ^ LoJjlC 4,1 A ft > LoC 4ijJU> 11 la^J^ 

^ LqJjlC ujJ^j LaC Sj^fi ^1 Lu jJ C.uuuJ 4 jI <S.Iirk\. \ LqJjlC LoLaj 5ja ^ II 

.4jJ[ jlali 

4-£Lq^I J-uail Jyo l lAitj ^jj j\julxJI ^jill 3 ^ai ail 


jl^j aSj <«^Ljgdl aJjcJI 4 a i4iU» 4 1 LifC 3 dJa ^.xxj 11 d^ ^3 a 4diLij_L fi JI 

* ** 

tLuLx-fl^ILk SjoJ£ 4^jaj jjLLq — LiijLai d-^ 4.d>j Lq — 4^jaj Lo d^ 

odfc Ci^i /*a la l ah ill dJaj v_ 

* * * 


<4ilaLuu (3 Ldi ^ dJa (J-£ ^Uu ^aaj 
dl-tdl (jjulj tJSi ui d^- 1 djvAl d^llill a-d d^ (j^jvii *cJLS <d> 1 la^.*11 1 


\c- * 

Jg a i 


a 

la-u d^-1^^ d^l <<(pljA» i(Jjilxu ^(ajJI d^ 


J « 


t — 


» 


i d ij> ^1*' ^J^ddl Li.u.i J-laj lj i5jla-o d^ j-^l (jud p^ou ^.IajJI ciaj 3 
: u ^ ? ,jj l ‘jSljlJI Jjjijjj L^j «w ■Lau^ 1» ^dJ! iiajUl ^ 6Jla J$i 


iIajJI 


J!La3 , dJl oL^oll d^ ^ 


1 L^jj SjUI Sljl d[ 


JLcuaI 


^ ^d .SljjJI JjJa-A 


^aaai> 11 j^l aac 4ijJt-A aL>^I 6*1a d^dilgjgflJI 




Jja^dl 3 jv^LjiJI d^° 4 jujjLu/JI 

4* *" 

^ oLo-Vxuaj JfriVilU df^ 3 ^^° dj^^ olydl^Lj 3 

aJO 3 jJl (idjill 4 ^jaJI) (JU-uj Jiwlaj ja infill 4_>jllall Cj l^lijJj vvlI 


«^ujjj-idI 4-jjiAd IaLjj^o Cx4jd» :d>>^dal Jli^ <^cL xjjlj^I l d^iill o^LcliG 

«* 

j>\ a*® 6^ «oI jj^j j jilcl "i j» 

«SCjI ^.it^rJ <UiKJI iclj^JI ^ j ' vl (^ojJ ^/jjljjjJLjl 


NAT 



px O^v Jl 


l al ^<L JjuflJlj 


£)j$ ^ (^ 


6J 




Cj^ ^xuj ij'^Lj ^1^ iiLui^Jlj) 


f- p ^ 

SjjaJl aik-Lo a^.1 4 o ^q j^o ‘c^J^ 

i! 6^ jj ojobj^b S U-^' o' J^=^' (> 

UJ^^ SlgJl^Ill t „ 4 /li \ I l_J-LU lH I J-LAj^l p P^-UJ I c_Suiu^ 


j)^ JX. Cjl \ \ A^*\1I 6JA 


i4^ *a I^J I px LIjq^^xlq p_c Sj^Lc < LJj-5c 

e-jLl^ ' » * * * * Ij^ . j^vJ I jJlx (3 Lg-^j-L^ p£-A»> LqL o-i aJ^qjco a!!LluI 1 ^ \^J 

AXj^Lxj A fl i/>j 


ol^l^>5 S^c 1 (j \a p 


J£ jj t pi a A ilD 


o,LlSJ! 1 i lCa. i Aj^. \^k a s\ 

\ M «« M 




<• ** 



&J 


,1 icvi X*U 


* OI P l^-SJ I (J-A AXj^dl (JXlAj Jx llllx ci i X>^J 1 (J, uXj ^Jj^H-LLU 6^-0 

(J s 3^ ^ Lo^jj *pLbI Ifl.K CjI A I mt II C>1yVniflAll (J^J 

CjLa-Lxua II aJjlSLj Lq-a P^gJu I J-X C^jLxLI LjJ j3 v J^ itiLujLaj-o pi lA^. p_a 
<lllj->J iJj^-fijJj ci^ Sl^jjJJ imi ^lVl > jaJ-fl Aft .il[ jlVu ^ Lod^X 

p p 

Jjlxj IjLa (J^S-j pi Li^ IjLa ■o^3^‘0^^ *4,^-^1 

Vv ^ Lq joe m j pi pjjmLtaj .iii ^,jflk\\ ^ Lqj^x a a \ uu ~* n 

J ^-J i£i H s '>^' o' J c > 5 ^^ ' o^ ‘L^Ji 

M %% 

P P P P 

J-Lfl oLaxu^JI pLtLu| ^1 (^Ij pi OJL^J aJ Aj*iJ p_>j-ujJtJ) p^ill 

** **> ' 

vJLiA <Aaix J t^^Ti La ^£b ^mi ^jlx (3 fclpi Lq^ 5 >p_iI p^JLlI 

p-a 1 g j paAJI P-a ic^-aj^a pi A-lA JxLj La i^ fl ifl,,^. P^L 


cJjUmi Aj^xol^j JLa^I 6JX 


< .1^^ 11 P^j-uJ^ 4 A 31 1 


J-C. ola^>J ^jajll JjJaJI ^-JjUkJ jSSi J^-fl fiisLiij ^>ii^l 


S Cj[j Lb j^uxiSu P^clj m i*S Spj^i^H A^^il Ajl-llL^JI 


Pjuilll 

pjj-uumJI jlwi-c Jx ji^JI I^ajI^xq <3 0^3 ^)-*^ a A ^ Ij pA,gJ * 11 (J-ix-dl Jj^.1 

J-A^ 4 A.v.lX JlU Li\^^p q 41K ^ ^ p_a pLaajJ) J^LulLj^ ^Jb Aj-uoLLI Aaxu 
P_Jj-JllxJI p^ill oLlIxLlu Jj l^5! <3 j^AlA\j plp-2^1 Ali'^lj p_a L^fiJ^il AJt^j^a 

\Ai 








4a ^ojLiS ^ «pLij_iiJI (3 ^Laajja cjIj^L^o)) 

Jlo 4-i.uij 3 ioLc cjI j-^L^o 3 LJI 3 t^jix^LzwJI <_>^loU 

^» 3 ^ooyviu ^IlJI \ ^ *\ o ^.Lc BBC 3 CjLoL^JI 313 



3 *L> 31 £& 4alLac 4-^.fl 3 3^3 <1jjj 3 ^-^ J-I 3 ^(^L jaaI I 33->LaJI 

<J1>^! J LsL-Q £- 1^3 3 LC Afl IQ Cj^ C-l < ^)->^%lJL.3tJ I 33^-11 d^° Cj i 1 V 3 3>J^ * 

4a^a_-o laa jJ I 4aa^-£^J I ^juj I C-v^ > (4a /n,.\ lo IjjLq 3 ^ I la 4 _l^ 13J 1 11 4 ^ mj 

^Laaa-fl 4ali-c^ < jLa3^1l I J-& />C \ ^ ”\ 0 4a_tu 3^3-* S^L^ 3^ 3 < 

3->*iJI ^jAaalj^ i A H (JjISl! Jjl^JJ ^LlLo^o 4j_xa*a 4a^ii_) £tjjla 3 4 _l^L^JI 
J-C 3 n ) Lu)i I wlC 1 l^_flJ I 3^ I 3 AIJJ I 3 t I 1 ^ i \ ^jjajjA 3^ £-0 I^A-iju 

i^Jl^aa ^ Sjaj-^JI "y ib _/3tlo 4aaa 3 ^Loata ^1 3ljaJj 

4JU. 3 Lol£ — 3^ 4 \5_U\ 11 ifl^UJI <4^. i~v j^vll S^^juoJla 

3' o\ \fl Jj-^- LqI i^aJI (J-C. Joa^Ia — 4aJ^Jtil 4 ^jaJI t^a-aj 

Lgaaj^J 3^^ 4a 3 j <jL*L\ 3^3 1 4aIa-o 3*-^ 3^ CijI^ J-SlS 

Ja-lfi ./^CcC Jxj Ja^laJla 3^ <4*iJotA 4-3. 3 cdJj (J3^ ^ J-Aj <£ 3 -° 

c 

J^la 3 ^ 3 ^ 3 c ^i ji.W t Lo 3 U 4^a^J 


3 Q m 11 ^>* 1 C- CjLS^Lc 3 ^ — l^L^Laj ^ 11 ^ — 3 jj^U 4x.laal^ 

3 Caa-xfl 4a^-Lkj ^lu j4-ii^Llxi 3 £XlU ua-ojlall 3 ^-^^ ^ 5 -^ 

iALflala 3 33J ~^ 11 3 ^oil — 4ajJ_^JI JjiJI 3 33^*^ ^^ 3^3 

.4-flJjLrk-^o 4alja 4 i — 4^flaLaJI JlaA^t 2!^1 3^ 

3 4alj^l^cv.> ^oLkJI 4atA^o 3 ^ ^ 3^1 4^k 0 is\W 3 3 ^^ 


3^IaJI 3^iJ I 4a^_z^a ^Jl 4a^_lia 3 ^w^a-aJI 3 }® *^^-11 l^aal^xl 

Uy\. m,Q.11 Jlk^ JixLu 4jaa^Ji_ixjLC <4Ja^JLujLQ 3 ^ 4 ^3A3-^ 

3^A1j L^aLfl ^_5laJI 33 l^aal^aua wJ l A *3 ^4 i^a t *t^lj£ 4i>^J^j 


((.^^Jl 1^ \ \ [?s> \xi 3 4 aaiija^JI ^jl^iJI^ ♦., ^ArtLxJI JIA3JI 

Lo 3^ 3 ^J 3 L^ ^33^^ \±& 30 J 3 ^l olMl 3 ^-^Lj^^-II ploi^c 3^-°3 

i4auo^aJI SLiaJl 33^ l ^ q - > 3^ 3° ^Ll^Jl IJ_& 3 ^>3^^ 

4aaj3aJI ll5j^ 30 ^Aol^JI ^3 6 ^ U^' 




ill 



guxlj Jfruxi { J , ^Li. ^a_> ^d^/\l£JI p^Lx-il :N _ A <JSLu> 

^o^flxuaA Jaui. Jj^Liu ^dJI <(OIa vaxLTk.jI» u-dc'i! £Jj^d 4lc 


.jJ} nil! jIjUaI 


11 Ifl-id 1^.-1A JlC. fJLaJI i^liaxuiil jJ-fiLi Ij-lXj 

^jl La£ <^JI ^Jlc 4j£tLatJ <jl 4 jla^-JI Lid *{£** *dLi£> 

t C- f. 

cLLm j \*n ^Luu| I ^Lx> ^ *i_sjJLc 4xui <^1 4j ^jxuJ ^Jl jJU cJ^-La 

JjLa-cLS Jrviifl dlLlA^ fc d Q i j l> 1 1 dLtu diLmJ 4dl <i^ju La i^JI jxJLc 

oL^ilj (oLjj^£J^!I) oLcuuuj^I Jjil! :Lcl^,j J^Ud J! 

«* 

<L£xJI LaI .4^ujLo!Lo 4jlx1)1 iL^luAj dS ^jl^lt i iiLLmd ^OId^djiJI ) 



CxX-lLs) IjLi l i^aIc \.\ iuh cillxA JjLfl <(jLoa_x£ ULa£^ < 4 ajIjJI 


CjLp> i ^n% ai v-L^j ^ jj£I uj^ £j43^' 

LaMj 4^^-Ju jy £aj ^Jl l^il^ (3 (^1 U£j» 4dj 

*«. 4^loAj p^juJI 4dl S^. t5" H old 4-lLa. ^y£dd Jjfc jl> 

«% 

Lojj — Lc (3*° SjLduu r^pSn j^lll jjx. ^dd 

(3 La£ U«Q (J^fl-Ui Idj^J ^1 ^j£.A. 1 1 ^>0 i^lj-OL-US Jjl kfld 4 j — JajL*. 

Ifl *ufl\ 4 a^1L> ^jJLj j5j — ^)jjA-i-ua — p^-lAII 6 j\ Q At 11 £o^j 4->^ad 

^iLi^ <L> jjkT iajLa. lajLaJl ^jdLa* J^l lyULua ^IjjJxuia JjLxd 


. N N V (J jLi^_LaJl <_> »^->LL * 


>A1 






l^Je^ *JJ cJUlSJI <ji II £-a ij^^-J! IjLfl ijjA-XA 

oj£i o' t> j' <i£IJi ^>=Jij ijJj iLkil 

)jlj 6 jjLi Laji 4^utjjj 4-aic ^LJI jL$Ji[ <Liil l^cjllji LL^J c_flLuu^J) 


<->* u 



SjLS- auJI jji! jSa iCjljjj^JI (3 JxxJI 

Uu£ A Ij^JuLul J^-C-LI ,/J-^ w 


LijJ^J^I jjx. jL=G^I <^Luu U£ 4£L>j^Ji fj* \ <\\ J^x Jx 

j^bLo JjaxLojJl C^Ui »lj) t5jLi-tuJ1 Jx <Gjjfc.il 4jLfl L j i ^\ 

j Lo JLu^jJ La 4 jL»jJo 


f. £ 


*.SJI Jxj 15j 1 jlauJI 

j- cjLi^jjAU j 






ft II 

LijyC^JI ^5 1 >Lxa J^^-a ^J-u^i. I 


jJjuuaLfljJI (jLfl <GjIj ^-^Luj <jx Sjj )u o l 1 


tj ts\ 31 


JjXJ 


j Lo .G^a^l CjIj 

J^lLi (_§ ^ ^ Sj 1 AjuA I 


Jiilj oli^yu 


<* *• 


(J*iL3». Sic. 

j )Jju3l11j <4»xfl 4jj.-a.ll I jat 


■ 4jJj ij <3 « < il l 


i 


^i 


JiJ JJj J-C.\ Jl jifc* U <j* JJ2LJ1 6ift> 

a 1 $ ■m'i 4j^_o juLfiuJI J^Lifc. CjL^.^11 j m i 1Y> <4 ftKlL a oL>y 


* i. - 


^jja iuSll CjL^^II 4 % . 'l'i ^JLifLII JjJo { J-C jlxjiljlj ^-aJjJ) 

6 ,UxJ! ,1c. ol^- ail P-lil )l /jt-fl ia!>L:»JI J-C. j^fliJI J-a-t (.L Lft ^- a . Ulj 


..SMI ^_j jja'ill _A .ZjLs. all ,J_C.) jjil < 4^ a Jalxa 4iajjuaJ Sjj-ucu 


Lfl.lA.g jt£ (j ;jJI LLsJlflj „, 5 MI 
laaJ . JUI < 5 LkJl / vuLlLc 


(J iiLuj-a jy^ 

|j| 4_ijujaj (j-tiixll 
a.jll Sxui . . ..il*i~~j .^jLuJI 


<1 


- 

* ~ a* 4. 


••4* 


^jLqJJI t Q -liiA Lv 1^ iH ^ i 4-*-ii J1 jl ^L&J^ 
^ AAAlit A vi a \ . l l £y o ClJh^} 


J&\ 


UA Llil 




lj\j£ (Jaj 6wLujJI (XJj (>XUI ju U 4 _JLc 4a4 JaaJL 


>av 





Jl 



J'JJ*. s > xu l ) 3 ^ 3 ^ jl J< ^ 

J'bLi* JJ& Ijj 1 <nQj ^ij^lzJLi dllAU > ^1 £-5^3-0 LI ULu ((<_ 1 -*k >» 

•^J-“-a 3-^ 


LcLlj iLAaj 1 Q uh *j CjL^ jl\ ^>1 tiliJA 4<2 Lo-SJ1 


Lk,jua Lj d5^ •S^LlxoJI J_c. l3£ 


iI , a nIj djlcLijjl J^o J.iiu 


J-C Lx$Jla J£ £-a^ ^ 

«* 

^-j^o ^^Ltxu 5 j-AiJl jjl 


LL> c^iUl 


4 ( Cj L*->J>-i1 ^.A.% J^U.) S J-^ 

C^J)' /M 4 ^ i 5d-3. JI / iH—* CjLh*j^JsI 4_3l_ujJ LjJ>_£>^\ IjIjj * 1 -a^ 4-X^.u 

L^ <H 2 + J 2 


/= (H + i ) 2 


5?^ 


I = H 2 +J 2 + 2HJ 

Li .^ J Z ..j-Li 4 £j\~\ 1 J^ljj 4-t "V l^J I 4 aA Liiil I ^Lub^l 

— _ p ^ p 

^- A -gLlI 4.5dJ jvuil j dlJj ^ 4 _JLlu J S iH S ^-l5J 

.J^IjlLII J^AlU Jjl.JLA-flJlj 


\ AA 



jJLj-lJ I ^ 4 _ju^ I 


^Ljlxo 

•• 




JlA LIlI I ^-ai, k! \ 


JjfcLUl I ill 


LcjA^. ^-5, /iJ! ,i^l Lojlc 


I_1^IfiLc C^lJ I Ia jlfiLa jaSI I j^-m.J 1 j I 


<Zi lljjA^J ^L 4.1 mi]L> JufcUall ^j) 4 m \ 11 ^jl v_jjIaJI tV A 
Jj-UJLiJi ld-d> (jLfi <(Ia^ 1A-G)) (jA.-i-0.lJ I Ladle 4 o L>^-U 1^9 

.6Jc>. J-C Liflla J£ ijJjj die (jA i fl*V 11 ^-.OA ^L^Ia <JjLcU ^ 


LuLia (j Sja.i^ jj Lcu-oia (JAwO dAl-UlX) £^jjl {JXJL&J <j^° 4_lj-A-l.i La* 111 j 

J^Uaj Luj Ltiij L-X-fl J^o iA v s 4_jjA_i 6 Jj Jjij 4_jIjJLj /jLoA-kO (J ^ ^ 4j^0£jJI 


JajJL 6p j) 1 a r> 4 J^aI Q^j d3_j 4 LaJ I ^-e Sd^A^lt ^jiUI J^Ia d~ 1 a I Ls 
dSj <«J»ljliJ (J^Jxo)> ^1 dAj d>^3 * (■_ J q \l^\\ v_3luii^J! die 


^jjo 4 o ll a Hide I J^La Cj\ Q1 loJ 1 j\ \*\ dde ^^lipl d-xj dAj 


4^^1111 -Lift Q dAlj ^l5l 3 (jl^ Ladlej ^4_flJl11 3 CjI Q 1UI 

6d-U 1 (3^u-> LqLoj JjLoj ((6j( null)) (J^a dd 1 Q 1LJ 1 jl ml J ^-lllj (jLi 


(jAdilJI Ladle 4 La^ ll-a JaIj uij (J^ Ladle pill CjIa^I 


Ij^Llujo Jjt-flJL 4 J^a*^ I 3 CjI Q1U11 L)|r® L^^liua 

ol a 4.5Li\ll 3 dA^1 oUlLill ^Jaju^j 41 ^-LaIIII ja 1oilI 3^ ^tlLJl j\lLlll 


4 Ja I dill 4 alu <j 1 * 10 ^9 1 d ^aj ^ p ^9 dfl-i ^gJu^llj ^1 Sj^l Li-a (j< \ a JI 

CJf^ ‘4iU=JI SdA^j Ji-aj d a IU% 31 jLleLj 4iJUJI 6d 3^ 

6 d nill 


/ = /l +/ 2 , 






ill 



p 



p 

o )) /jl ^ i £ ~A J£-lL 


J* Qj 1 ^Jjri JiJjIj JUl^^l oL>yi 3I3 * <nl) £ 


a 4 a„i iii 

to* 




Jcu-u^JLi pill 


.JiaJjoJJ J^Jxq X=w^_j oLz^^il Jlxo (3 t/^—I /'2J ‘^ L —! 3-°^ ^ 

^Jjl^jj! LujaI liil 3 ^ (J-i^j tdilj Xxj ^iLi^u La jxlxi Culj 

Cu^^l d,ft Ark 11 <3j <oLjjj^J^Ijj p j^JI ^Ix^jLojL L^-luXi 


dU j 3^ pj^-ubJI ^ 1>kLLml i Sxjxc^ (Sjjxc olj-0 gJ-ljil 

ajA^I 

pLXu^IJ 4 jl 4 ouJIj pl^a*| \\cl ULq dlLx& — l *uQ. > 4jLj3ilL 


<J .0^1 JHo J Lo£ i^xl Ls ' 4t|U I 


O^J 3^ 4jl-cuI j dJjLa-c ^jI^j (3^ — 5,/JLuaJI 

cU3L Jl\Q> x~\ ^ XC Jx 4ikfl L^aJJj 4 _l1c.j 4CjIj^-L <3 SXj^j-a 

jr^X 4 jl 1 dlJj Laa yLa ^-tul] 4 uJLa^JI djj.:xal L> 


CjLj^jr\£J^!Lfl J4 xjlLzJI ^>jL^j 3- 0 ilc 4 .a^. JU 

to* 

. Jj) k 1 I LdiUJ ^..JrTkJtJ LoLu C yAJ I (JjLA 

to* 

LuaixT) I d 1 j d a t II 4x^.1^ 37^ a 6XA O-ujjJI S Xxj IjLo^ 


^ ira Lg_aua Lixlcl Lul Ixb S^lxJIj S Lg_*_o (jIuLajJI 

J-* a.iJ o^JI 3 ^ <Cj l\v-A-ua^ 3 -° L^-> La iJi *~ n jkui lx£Jj i^JI 






a-iA^TJ 4-jj^iI^o 4 a^JJ djLu axI jJa ' m 0 ~A J g - J , 

3 ^ Lai 3 A -' L ^ B jl A 3j ^ D Lojlc AjI 3j *B jl A aIx 


ss p ^ 

,Aa^ 1I 3 Lul .Ialxu ^ jl — 4-6.1 


LIX. 




p 

6jj^6 pIajI 4 0 > 5 *x 11 3 4-LxAj ^£aJ1 Lo J^iLil £-jJoa-uia 

J'^*- 


i!lji :dlj 

^ j ‘>ilfl ip 0-1 IL IjLfl 4 (5JjU1I I ^ q i^» < <i * \ ..<-*. ^1 jI) La 

fr P ^ P 

3 I jUJ <jl 4jaj-au 6 ^lx*J ^JaIaI 3 mi A tL $->1 c-iJ^iJI 3 -* 

3 jj^D^I Ai^D. 3 m * 3^9 t * v ^J^ojlj Ip 3^3 <4a^-1I 4* J-qjlj Ip 

* 6 AaA£ CjLjj^L xatJl (3 3 ^ Ia[^ * (p*~ 3 -*° 3 - ca - > ^-4> 4 _jjaj 3 

Lo 3 l5\_o 3 3 s 5 -/^^i A^a^ 4_JLoaa i JlLaj Ip*- 3 ^ ti^J-juu ^Lul 4 a>1 IA -&3 

^ 11 ! 3 ^-^ 3 /m 11 j 3 \ ifl^ll J'^La ^SAajj iijr^Juz 

•» * * ** ** * " 
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lAAo — Ip 4ao-oJJ jA-^aiuJI I A& 3 ^°AaIxllo 4ajLu^aI ,u±-uj 1 3 -X 4_J1 iJ-lA* 

J^J OJaJ ^jJI Lo ^ (^^Ja (j f Aa jJl L)J^? fU-^i > A 


i53x. L$J <L^_> <u^UJl 4 a^II iljLxja 3 jr'-i_ill 4 i/v 


Sa^q 3jj^JI 


33 ^ a5 — 4a^1) 3 I 4jj^g mj fl i 3 I ^ lLaj un Lul 


j£A .j\nVu p^I) 4A^lLa tJ^L^JI 3 3^-^^JI jj^II ^ua-Lx 


IxjLLS 


-U 





jj 


4-a 


,J 9 J-LA 






ju O i! 


p p p P 

JJU 3' JLa^IjJLi^ «Jj ^)) J^JSLus 3^ ^)l JJLjJLJ ^jl 

++ 

( J-C- \ fl*i 11 JL=*I <_\*y ~S* LLujj^j J^L^i ^j\ 3-43 <c>^l 


SjLlxuJI iJ-C. jl Jl II ^-xjjlJI ( J-C 3 Luli <lUj JjUU Lo^j ill ^^9 J 6 J-^ 

^loIJI J-C LljLfl <Lxa (j\ \CTiW J.aC Lai 

3J J 3-° ^ pi fl 11^> 4JU (3 La£ Lxa (^/JLuLJI ^jCl^ 3* 

(Jii-Luj^ 4-1U. (3 La^ J^-ljjJI Jj,uj J_C 3 i^i jjj Li->Lfl 

4.<nQ.i ^.u.uJI J-C- 


Lg-A.fi jaj ^jJI oL»j 3£J^I 3^-^i L>Lk 3 

■% 

3^^- * 3^ £ *L*I\ «mj c£j\ ifl^ll 4^aj )\\±n J’bLi. 4.1^-wi 3^ JaiLfl J^-1^9 33 j^-J[ 


& J * j L alH 3£ 3'^ ^^ij) <_*Q » ^oxxjj l^jj^JI ^jl 


diL j^9^I 3-° ^^ j j£- j^a-J 3-o^^ -u3 Ij^lrTnl IjU .ijl 


^yQJ iOL^^ll Jji~w ^ujuJ II 4-iiLxjii A-U.l ^£jJI ^uxjJi 3^ 

4JjLo-o 4-j^^Ia l_AJI Ljla^j^I Ijl oLi^y\^J^I 4_IL^. 3 4-jl J^j^il 


^A^k 1-4 JJ i 4j^>^3 (3 J^JLA S J 4 AJ HITfci Ixljt^g A (J-45JL-0 L_iJI 3 

^J La^ LaLaJ JJ>1-JI £_a ^_luj L^J^ L^_j 4jdjui-a 4 .^-jSj u-iJI 


t ^_>^l l j I & Jtib 6 Ja 1^9 (3 Lx-a _/uxj l aJI JjS Lj^ 


J->»l JaC pi I J^-fl-llI ^91 Jjiull 

4 a \ u.i^JI ((O-fl^c.)) Ij| -Lxfl-fl 4^cullil c^l^Ji <J^jL^JI iS^li 

. jx5k.,H LlJj (3 ^gjJpk-LI \±&2 4 ^^AflLa ^1 >_i-S-ISJ I ^jl 


^ ic^pajj a Q,lJ I J-^kl ^Li-j dJjj 5J^L^a 

3i 4> vl Li tdUj jjqj oit J^JLi JLiijI ilU. 3 3 ^^"^ oj£-* 3^ 

3 ^ 9 y^J^!i j3^y* 4-Ll^J jJxc qIlJI ilL^J <(I« I^jIj 4-uiLiiJI 3 -^ 

Lfl u^ >l^Ji e) n ^^ %> L)\ 3^-^J 3^ 

3 :4_jI^£ ^jl^I 4,r^CuJI 4-i^^Jlll ^ J-^J 5J!iLa-a 4 -j^j^j pI^^.| 


4^jrLi^9 «4J'bLi. 3-° 3j3^J^> 3^ iS~iil ^I 3 \ ^k OUJ LJ ?1-A-C4JLJ 

** ^ ** ** ****** '■ ' ** 


f' 


A ^ A iS\ \ 


IjjLc l^J 4ii a oi-j^9j^J^ji 31 <uj Lui>j 4^_4-iiLi 3} 3 *j) * 1 1 

LjQ j J-lc LajIj (S^~*3 njJLj jrL^Ji 4^L0jjJl Sl-LCkJ1 3 oLaXai^ 


(^jJI Jxalil 3f^ 3^b <t -^l3 3I <3 ^ Sic. ^jjjlJj 4 j-^.Sll Ale ^9! 

*• “ 



I ^ JjCj 


3^9 j iv^ ji 11 ^^llljJ LgLaj 3 ^^ j - uj ^LiSUI 4LuLi ^x. 3 3 ^ * ^ 

Ijl La CjLjj^J^I ^A>*A ^ <<JLaJI 6 JlA .JiJjllJ ^pl 45 I 

l c lC_" 4-Jx.j 4 ^ ^1 Lg vqIj^ tA^ !A1 1 3 VCJ ^ 3^ A 3^ ,, ' ° ^LiuJI 

Jj^Lliil J-Aljil dilj 3* ^-ubjl JL-O ^3 ^clLJ L5-flj I^^Loj 3* 

Uj^J Sj^tiVvl I 4^^o 31 j lA \ 11 J^Li-J La^lAc^ .<L^^-iJI £-0 


3^-j I fl mfl t dl 


L^Alx jiLVi ^ lA^ 1AI Lol (6 JlX^-o ^Loxxo^ 31 ^L^jAj 


cIAj il^-Luuo-o gxL-upl yl5 3 ^ l)^)3^ oA! LoA^a-l .O^ l aA I 


3-*-^ JLoA-^ 1 dlLl^i JSjjjx: 0^11 aja 1 3 ° jl^Ij jLujuo jLl^J <IAjLujL5 i Js- 
AN I _y qA 1 1 ^1 4_z^j-i <jl 3_fll^_o JLaA^i dlLjfc^ 4^y O XjJl 3"° Jflu 3^ 


li/aifC* LojAx-j 4^Jl »|^ II jAc J^pJI j-LLiJ Ijjfc jAjjllI JLai^J £lAAjj 

c 

<3 ixILaA^Nt j/in 3 ^ jtaJlj La^o Jl^.1^ 3 ^“^ <3 Jj^} *Ll £-** 

j^xj ( V tSAl l ^1 jA^IaJL JjSli t ^,>*-*3 — ^ - aau j J L — JaxAxoI) 

** ** * ** 

^I 3 ° <^ 3 >xj N I j *«»Q A 4 ^xja-Lx! 1 i4-J^ J-^l j]r\ ^J lAI^ Lai <L ofl -> rt 

+* 


Sjl^dl ljU^ILI 

p 

3 t-s Q 0 4_l ^~v- \1 I 3 ^ A L ^ 4 4_llc \ Lo 6 I^J Lo 

iL^wX^LjuA c l \/Ti l Joju^LAj 3-£ L-l .jjJ L^-qIaAAxuI ij^^_JI ^LLa 

JoUa: lAAl Jlc IaJj3 j^LI ^ul ^ ili ^ 


xx Ltu< 11 4 ^x 0 Li ^Jlx ^3 ■ u - l -^ I 31 ^>- L -JL ^jill 


* * 


j^»fl ^^jj oLyj ^-xa 


3 I IAaAa i Lo xl^k>.l^ Lx-J c/-^L J^^~ 1 ^ “^ ^LAAuojI (J^-^ 

3 j^S 11 2 _lLA-luA 3 -^j .4j^^aJI oL^ic l g. K j-^Lillj oLjjr^J^Jlj jL^Jl 
6 jj^o pIAjI Aa ^*-11 31 j^=LJI uj^ Ajj-j^jlII JiLA. 3 ^ ol 


K _$ 1 ii^J l 31 ^AUI jJ-u2lo ell3L .(<xJAA^a 6dAj) 

f- 

1 ^*C J T AaI «iH V Q Loa 4_1 jj^_JL xl L II qLo^IjlU J^ ^1 V\ A > 4Al JtiJJJ 

jl q ^ <iL^J 3 ^ 1*^1 ‘Ll \ ^ ^ 4 Al-uj BBC 3^- i 3^ i ^ 4-aj^L i l 3 Ll_x2 ^ j^i> 



ill 


tliiLS {y> j'Mua jj\ iflTill ^\ d-lx> ^1 Jx jjLfl 

O^J ‘>=^^1 J^La 0-° A*-* J^La Cy> j Aia i <Gl JjiJI 

4x1 irilm^ll (J ^yi-J ,.\ViiAfl ^jjr\£J^I 4JLo ^4i Jfl ^iflTill ^1 JJ.^.i jl a 

J ^» : J^J <>=*^ U3 J ‘r^ e>° >° ^! lLA' 

£Xual <(.^Isli^ plxd Iwlfl-fl dJj SjxLulo JjjJ L^ O ju ^3 l ^ (J-° 

^oTJI < L^q I lAaJLlu I P^jjI 4a Ilia 4 ,g K <JxLoj ^i holiStlC ^ixtuJjjX 

tv ii 11\ j\ \A*\ dlaX ^jax \ I 4-11 ^ J <1 d. \Vt uiil (3 IJ J jrLa ^ \ 1 a -v ^ ^AJI 

+m ^ 

J^-<L-i Jo_lj^j pI^a^I 4-la 4^J-qLoj holistic ixn t l^x 4_i£ t^^JI ^Jlx 

lo fljA -1 LxJ l I ^ . 4a^AjJ f Jla 0 C dJ J ^_1 jlj L» Lq 

P^i <_ 3' m ^ J 4-bj^la S jrLflJ 4 aLLq 4a^ LoHaI 4al^L>A 

^ t- 

4-o^iL i-Q SjaLulq Jjls 7)1 jjx 1 pJlx ^jX. ^LSJI d 7 s "' 3 * v s 3^ J^a 

.Lxfll^ jLiJI IJX u^a i ^ <JaiLfl CjIjI \%H JaI j 1 ,n a. 1 Jx L^cX^p 
( Jx lxifl7i.il ^jjUd la /ml (3 oTj Lai a^ 1 JaIjI d[ 
d^ 4xjfrxia .o 4 l-w ^ (Jaj ^ ^JuTiLij c^fljill jjxl JX 7)1 

4_luLoj Jj J-iX-i 1.0Jld IjLuxo 1 t*ll ^ii \ I i /rNI O^I 

4x>jJaJI jJa.il! jlc^g <jA.i,^ 1.(j i<^^-Li_jiSjl d-lj JaIjjj i^Lui^JI 

(J-^IjaJI Ijx jLjT v^ lia jai 4-ii)L ujJI ^x to±& L$_> >._a^7^7 

S^A? d[* cAj ^ ^ lt^ 

*% 

ioJaj Lq J[ ^ Lo-iX ia-fl-fl <—v. .fli^i 6JX ! OLl^j^SJI 

l»AX^ t la fl fl lxa.1^ IxLo ^Li-i^l { J^ ^ Q i^7i fl ^iad» LqXX LqI 

4a j) .tl 11 iljLxjQ J^Jxcu^ y^S>JL£ J xn'■k i i ^l 

«* 

^jJI CjIa^I^ ch° 4-o3^ JI t4a^o j^JLj ^L-luI^I ( j-° JaI^j 

^ 11n Ja 1^ i /It SjxlAo <5dL oIiaTjLI LujLiXq Tjj^j Lx ydcl 


4x 


C-LfljA.1 


* * V «■» « 




Ll^y^J[ <—fl j/^1 ^jJI CjIa^-II Lh 0 4 -qjA I^'Lq Cj^LoIia^I oIa^-c 


^Xj 4aLfl dJj 4_>I^X ^- 0^5 <((4ajll iJlj j 1 ^ 1 1)) IJX ^yuiuj JjlaI^ 1..i.fl.A.fl 

dLfl -^Jl ^.^-la ^jjtiLtuI 4-xuflLl ^X ^ 1 ^ (3 




0^ 




Zj Luj 1 J cl^° ^^i-*JI Cji ciiujjll ^XJ-i j-a'JI 


^Jl\\ Jxl^iLlI ^j\ ^yij J 5 a f <Lll Jo <_ila!^ p| Jjt-ixj Jj^-a J^wa uv \ J^-O^lj 

«. ,. v- t 

SjLII 4-luI^jj j^illl ^,a a uij <3 t^ ilx jLgHc^I Jj^oj 4J*I o"j ijI 


n^ 1 oLaJ-OJLoJ) ^Q IjJX Jjl jrLfll Jx 4-^.lj-^ jAAAJ / d »\ \ !I 

4tfl A g rrw 5. \ 4 A l uin± 3 ^ K CxfljJI J^Jo l(]iAH^ *-o jiS 

3 4_il tdLlj (2)^° 1^3-^) s>^ Loj .Sjj^LJjJJ pLu! 4-^^il 5Jlj jLl^-j! 4JL^5> 


* c 


^Jo-Lt 4 a wn% ^1 ji Sjj^Loi-c Lfl ifl ^liJI 4 lo~s. 1H 

** •• 

ill 1 ajia i^Lul^l QLoJLoiaJI JXC JLoJI 3 Lg_>Ld I 4 JI 

Lq j.\c p^Ju ^ jxJLc c^j 1 a j 1 ^ 6jLuxa 1 g ja (J^ 


l Q-0t ^IlJi 4 ln^ 11) 3 I *0 i5 0^?^ o' P C$^' )*AA l3a^ajj <4aJ[ ^>JVi * 

.<J| jJilll ^ L^-ii 

J! ^111 (j^Lxll 6 jLx-lu J^JLj Lajj^j 

«* 

p 

^Loju-fl i4-uJolj^JI Jj^jLxll ^Jx. 3 -° uLj ^iJI 4 j^IjJI 

^Jjd 4XJ)A^A ^£LII [*\ 1>1^LA 3 :4JoLu-U 4 4XjUO^JI 

^ fl JX-ll j ,.Wvft 3jrL> i J5l *^3 ^ 4-gjl \llj 4_J^j^l i^Jij^JoJI 

3 ni^C \.\& po j Lfl ^ II 3o^ ki^>l ^j-q 

OJ.^JI IxA O^wA -^ Jl AJ-w) Li <^)X)Luj^II 3j * oJ-> IkA-A j . J I ^JJQ 


IjLfi tifj j 4 \ -Vjl I ^ ?k^j ill J ^-uLlu^I 3 wil^AP^ll wA^I ^Jt> 

** •♦ w 

3 £ ) 0 -^1 1 IjLA - v ^' 4X_>^Jo ^-o lJLu^ Cul^ 

3jjr^J^ll JLajl2*1) JjIq. 4^Jl ajo. 1 c j s 3^J JjJoC i^ijjj^aJI 

<J^Ij3j 3Lli^ 4_xlx^ itfj S ^ ^-J^A ^gjl.inj ^^rCLik.1 u-flLcu^ 

jJrali 11) JjlxJL 4-UjjJI Cj^ l a j I ^1 in\) Ljj-Loj Ijl 


£-A^> J* £Jjji}\ JUlo .1 llgi j^LJ ( 5 I ^>0 ^ 5 ^ 

.4j^^ll 4jlj j 1,,^ U ^1 iJ^ljjJI ^t-lici.i/Q A pliLLsk.1 itfJ S ^-Lfl 

— ^ _ 

iijJU L^-j^jLxaj <i Jsi-Li.xu^ 4 fl, oLi-uiLjJI 3^ i4 ^.c^-Q 

<4 K i4LA 3LlA ^JLJ-Lfl 




LaX JI^-ujJI t, CuajLoj 

%% ^ 

^l^JI tJ^LAJI 1^ ^JUJI 13U cjLu ^Jj 







^ \-juC 


_> LL 4_uL3_Lfl Sj^-i^i J-c ollll ,«Sj5La ^1 LujJ 


4 \fl \fl 


* o Laxm^. .11 4 jlS ^ j-xj ^ l-Lii>^ I 3- 0 ^JLc (3 <._Aj 4-if> L>j>_LflJ I ^j) ! 

£jft^llj 4f^_aJI 4 _lc^ JlLo l-i*Lg_JI LaOC AaiLfi 


JjJjlJI J,.^. \ ^)l Jj'iLL^jl ( J^C j—ixa* *..l I ^J-C ,5 JftLuill /ya pLlxuI 

4J^jL^jQ 3 JjixJI ^j^LLn 1 tl ^ \ \ i cJ-43 tP^I (^A^Lj-i-flJI 

O^ j l.zvl1 & Aft Op Li IfLiAl^jA j\ in CT\ 11 I Aft jjAj ^Jj-L jLa^jj 

Cu tjxJ LflJI jjo^a.flj I 3 A L^-J l" 4 1 g fl <^1 U) ^lJI £j$j \ ~k 1! ^^ft^J ‘ J m fl 1 Li 

^LLXol ^-OJLflj 4%^ ^ oLkJ^j 6J-i J^. iJ^Lz^jQ 

Sj^-US J^LjJ <^JI 1*\. lAl^XO JJLJ LI JjJjJa.il J fl nAj i I-aA-Z*^ 1 ^LlJuI ^JLc 

uJ^jJI ^JLjlJJ 6Aja^> 


\X ,1.11 ^ft 11 11 & Jft (jjuLulj in 11 


LP 


X/-LL. 


A^I^AJL Lfrilfc jAij 4-uL^.j 4fl.Ua ^JJ^j ill Lift <4 il \ a*\ A 11 ^jfl fll 

.ol \\a lAill <3 j-LaJI ^ 4 o' uL-s 


A 11 uvCi11 jxljjj 


3 4 \f\\x II uLill jLu^ul ^1 ^3 ^ t %K i aj 4_&LxJI 4 ,vi ni.\ 11 JA-oj SjLc^ 



I Ia-u Lj \ a 11 4-uj j 511 o^LUl <j(j o^^-H 

iJ^LS JSLi j^-jljj)(3 ^ ^ <Sj^Ij ^ailc iijllj 3 IaA^jAIIII i^rd^J 

c 

Cj 1Jj)(3^11 6Aft 3^ ^ cl>^^9 ‘(1 x 3^^ 4jLuAaJ 4-fl-L^ft Sja fti ALfll 4 ^^)A-uj Lc^ 

^a 3Lft ^a-i ^-Lfl^lll 3^^ ^ ^jLuaJI 3^UL 4ll 4_fl_Lfl_zk. L^lL laua 3 jlfc-Li ^ 






6^» 


J^i 


JJ 


^l^lllJI 


jK*j 


^^-11 1 4,g ^ 3-^ -ulkl I 4_u_i.xuj 

4^.^- 3-° Lftlja ^lJI 4-a j)11a,1I 3 LijAa aftlAll L^jla 

^ _Uy t lA II \ cl \ d-"vA> I iJlC. 4_HJiJumJI Oalxj^ ^I I ^ a 


Ji<Gj 


dill 4.1^ i ii^l^JI OLjln..l 1 . 1 g 4 -lo^ 4-fljJtjo 4 jj^ j^-d 4,14^ i^ 



^all 


3 iSjJI £)l 1*\ lil^aas Xjlm J 3 ^ .1 IVuaa 

4 \Icj 4a-x^ Jill ^de < >1 ui^ Ja- jjU^ 

^j 4-1^ i^ 4a^)-l<ki 4 -oLxJ 1 4,ia ^<t\H 3j3 IdA (^y*j <4 n i mil 


3^3 Ijli 3 ^uL4ul^ ^5 v 11 4ifll^G L^jLlcI 

<j-° l^J LL ^Jl 4jjJ^J J \ ^yd da '^Lfi JUJjlfillI (jA^LjJ dJllfc 

.4 iQ ^jTu* j ^dll ^Jlsdl iJ-lAqI . i 

j^-iill ^JLxJI. S_>$^ Jjl j^j ^j^l S4ai (jTu*j ^£dJI ^JLxJ! Lq (j^-1 j 

1 3-°J <Ca^^' 4aja*JiJ ^>->*1 <<iiG ^ d £^5 4_LLu^c 0 ^ 5 ^ Loaj Lfla 1J 



^jl ^^-ca Sdade dj1,ii.i a dll\A ^jj)5L> ^1 4 laaii! 1 4a^A ill 6J-& 3 
3 I i-maaJJ ^ll^i licj 3 ^ ^O^-LflSJI jl Lftjl iAa 


P P 


^yLs \^ l B ^ilJI ^1 A ^5~JI J'SLi. jjcu 4,a.au.u^J 1 ^jl (£I (jaJIa7l^. 1 dlliA 
4..ojl/jl^ J1 j*oa JaI <3 • l A ^0 U.le (Jaxia Laaj <JLoajA.I ^jl j^a 

{JUJI <C> 5^L^1I jJUJI J V\ <B ^03 ^1 A ^5111 

^Ladal ^ya £j\ LliljLfl 4-L^LujuJI 6J^j ^jaaJ <4_uuaLxj <_£dJI 

(J-Zfc. I di \ J ‘A Ai iit^v II I L.ti" ^aJI Cj£±*M ^yo I jyx^c ij£ 1 *T\ -\ 11 cA^ 

dAi 4*2 


1-4JLL 


4J*^ j-a3 ^ A (Jjll ^ fJl* 

5JUJI £1 j-A <3^5 <_^=wSJl JI ~vN I Li jjL-io-m I Lxj^I ^ 1^ ^JLc. lJ Lla 

jj-a j^j Laj^A^LluI ^jJI cillj i ytt ^Li_<i^JI cjLi A*-* .3^^ 


^ p 


^3JI ^Ll-lu 7JI 4^ wall £jU^JI Ubol C-ul^ Jj UJLc ja^JI O^ljLjt-o 

nuj iaa null JlAi! Ij-A Jl"kl . I i H ^ickJJ ^ LqJaC 


£jli^JI l^ilj Ij0£. ^Jj i ,1^,0, ^ 4j^>^7u ^y* JaIII LjlJI 

l.^.-1-fl ^ iLiI m > ^jJI S Ja JlxJI JjLuj^J l JjLSa ^aJI cilia <4 jl^ixu 


4a^^-a 5Jlj .jjLfla ^ Q^ «jllLka» ^j\ pL^j! iil^ ^3 ^ 4^oj)l^\o 

I JjLL Kva Joajl tC{ cill^aJ J JX. ^ <4 I a 7-v ^ 4 ,a,iJ£L1 4 1 cT \^.o 


mil j^l L^ai-O B t _t5" H Lo a. Iaj A >_i5" H die 

^-ocl >—II Ijl^-j ^i iiu IjLL (_jjj ^jl 

t-o dlljA (3 <4a 1\ uruugj 


M M •• 

ii jjjJ 







4^uLc J.51 4x^*a-^oj <4 -o^_Lo CjI j\ u.lAj. 1 1 Jjl jJLfl 

f£jl \\*\ p 1 \ ■>»! ^ plj » 4JJ OjAA iiil Jjd (. 4. fl. l.ftftj I iA 1 JL 

. 4 ^ (jiujj ^JIaJI tJJj iJ^“j 16 jl g '^U Jljjj 


\\N 





3 oUa3UJl 


Lq, v xj * Lq "* \1 < C ^ S^5 S 3 q * ^uluAj J-c. yjyy & ^L£ 

1 ^*x ^^jL^tji,! (3 jU^I ^.LLitlil Jli*l ^ 6 j->^ 

iijJi-iJI 4»i>o Cjy^y>~ ££jJI ^oi!l Jx j^JJj Xxiiu-ll JjjjjLfl 

(. «■ 
<2h© i^» ^yy LgJu j\,iai& > (j! <j-o^ toLo^l ^k.11 ulilS Jjlj ^£^31 

jl jj ^1 11 ucl^xi ^ I \A.*i ii:%! I JjL5 4J>I *^9 j q ^ 

^AJ-iJI ysW SLoil Lg-jlj . p I W ~ * i >Nl I ilili Jj-Sfc.1 Q \ jiMiiu 


p iaju^j ^ cj^Hi — ^Lum^I 0 V* l.L» Jx 

vi oJLIa ,4Ji^L^9 ^^jlxa£JIj 4JaL*JI 4-oJijl 

jX_i JL& <|^LgJ > yUaXLli S jLuixa pl^L) ^_>. v\q1 1 ^yQ 4xujL xu^lI 

^ ^ C 1 o-' 

4. a fl-L I P Ij'i I A> I Luj <5 ji> xvvi 6e^' ^ 

* 

<< 4JLaiiiJ I j pL»j_xJ I)) 4jLj^ 3 \ *\ 0 A 4A iii IxjLoj ^^yys^yl\j!b Lb^£j ^jJI 

m 

^-\ ii^Tt Sj^o» SjLxll cjL=>-j^-cLLI J£ <j! Jx ^3-Lijplx 


I cjLo^uiyJ\j CjL^II £yy JjLalJlj "bl!Lo) a^JI 4jjJa.\l ^-uLaj^l JfiLalJLj 

■ M 


j I i^j Uiiii^ 

■ii^J ^ 4jl ^ J\SU> <jl 1 jSLxiU ^^xlA 4 iicj <^4 x^jjJ1^ 


<4* iklrJt 3 4 _laxjLujI 4-a n> ... JjU"J 1 Cill^ Ijl ^yyX^XJJ^. ji^ix iiG 

.(\YA 4 Q in) K.ijJjJI a 4 ^*.i ^^1 


3>?^ ul 

«% 

^j 1 ajj> <s ^yuaJ^ I ^ i j\ mfllJ j 




13 J.UUI IjX ^jjcuu^xj Jlj)Lo (5jL^^ 


Lj^c .j-ix <_£jLaJI Ji^all 3 ^ j“ > ^Jl ^5ljJ 







j^JlliII 4»jl3^ 3 dlA j &J 3^ />^djpli* <J-flJU 


4lo .xjj IO-S^JI dJ j 3 ka a5 OljI^ 5s v ja^II Sj^judJI 

j3l ^lLclj 3^ ^jl jp ^ rJ I 3-° Ia^J .Sa^JIM oLj^j-H (J 

*• 

C. £ 

CJs.9^ ^l-C 4 -Jaj 3^*-^ (£AJI 4 \jp v 11 \ d ^-l^v * 11 ^Lodl ^Lmx> 


4 ^-dJ I £-5 I^J I 3 ^1 jdJLujdJ 4_l_i IS (1)^' s 4 3^ ^ i^i-Q * 4 j 3 J cLi ^jl 

^\-4„u„aa JJLj <3 fc 3 * ^ ^ JxJLx d ^ (3~ * 3 *' 1 m v >1 1 d^uD-flJI I. Li_A^ 

^ «% 

.^JL*JI 3 ^ la r. I 3 ^° tLoLc- 


3 odu^xll 3 

** 

N^YV ^vLc ^Jl 4_J^Jc^ j^uAj I^ j3^-> pda>JI J11 lj-i 

Juxi ljs3 6 ^ ^ ^ ^ ALc* 3-*L* i^J-U 1 5Lfl^ 3~*. ^a3-cuI ^ (jxuaLaJ I (£ LflJ^xu 3 

■ M ** 


3-° J j ^ II I jl£> 3-° ^ JaUiJl 3^-^^ (d 0 ^ 4 ^^xtd ^-l I 3 j^j 3 _>b 4 iin J 


aj Ij 1 j j \ 3* 4 Lul 44 ; Jjl^JI Ijla j . 3^ Li-ujLkj I—3^)^^ ui>L>l ta^. 


(J-xuJsl 3 Cu^^l 4 ifl ifl ~v ^jU*3 Cj nuJ i3^l^U j^jjjSlIJ j-dlil 4-JLdJI 


ij^-aJS 3 Qj 3^ ^d*JJI 6 JlA 3 3^iddljl JjL^ .«4ilftj w-ijL^Ji)) 1 ^ 


(JlLa — I ^ inQ j 4_l^v^lI( 3 3 ^’°^° 3^ 1 *Ii LlS Li^-li-i 3 ^gj 

J J L>. sAj j3c j 41 A^v AJ 4 J A^k n 3^J JlaC 4-5 Aj — L^JLs LLa JI 4,^ Li-uPw 11 4i^J 

dpi mjLj 3 ^<u 'i! d i\ a.\II 3 ^lidl >1 3 I Ij^-Lkj 3 I 3 j 3 ^>j 

4ji j) 1 Id I 4 j5jjJoJIj 


4x> 1 4,uJ I » 4-j^*v \^ ^ ^kJI ^Ia 5I 1 3^ JaLm 1 11 


l^V^k <11 


> 4 j a.1JI d x\ <j^fLuj 3^^ 4Jlo^l iA I r/ 33 ^3 
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3 


I 3 ^£3 4 U li.Alua Jdd : 3 ii^lil JL5 


^j3La_ 3 ^ t^^AAjuaJI 4 x*Llu 3 ^ aJl \ 4_uLj 4-5NLc| ^3 4^3-fl 3 ^-^ 

4-1J 3! I 36^ > L) pj-o 3^9 A-l-A-d Li l-jl£jJI 3^-^ij 3^3-fl 4-jIj iclxoJI 






ic LtuJI 4 la-ixi ILfl-i-4.ux» OwiA-2k d \ ^ a 4-LkaJ Ale <_^S3 H c LU^. ^i3Aj 
j Jjj A - u aJl (33 .ii^lii (3J-i_i 3,1 Jifl u->j4aJ -i-=-lj (3^ji 
^Jb 4J3^J 1 3 ^j 4 4_u l!i 3^ A Vi^aJ I 33 ^ L» 3 Q 11 £t-A-tu I ^ 4 -j 1 A-xJ I 




CS^j IAA \j Cj\ 



jikil olj-xil j icLuJI ij^wj ^ J£3u 

/ Pv ^ 

3-^ 3 3i cj0s3v ^ iLac 41 jLS ^ Jl 

' ** «« ** ** * ^ * * 

ULo ^j-oJ)JI ^ 3'Q cj \ 4j3j| UjIj iJ mil 

.(^i ^ui) 


4-ilc^ t <^^y& ^£jJI i5lia (j-C' LiJj-Lxu C/^ <4jjLIo 

%* 

3-qJ>J 1 ^ 1^ uAl Lj I <i LU u_fl w ).Al.i.u — I j_vi I 6 j% 3-° — Lu Li 

p 

>L j q.\!LH Ijux-o dLlju 3,>L3-^1 4 ^^JlLujI ^jJI 

* * w 

iCjLAiUil 63 a Jlc J UjIj 6>kj 3& lo£ T ^J1 Iaa j^> jli 
333 3“° ^ t <z> L-tuLiJ 1 *1Ij^J 4_ul^o*^ d iLoaJI li:JI Jl ^Ji- 1 Lcj^c 

JL^o j-ujLj ' ~ 4 31o ^ Li 4 -Lx-ujI4jljJjlj <__« 1 * L<^o 

p 

^A l ik^Jl " 3^-UJLJ ^jjQ i4j_jjLaJI 

++ 

o' -^J J-c- £-“>* ^>0^' (S3**i cj>^" 


l9J 




^bj' 


e o 


I IjjJJ cu3-^ 3 <aj 33 ^ 3 ^ 

. 3 ^ ^uic- oLS'iJLc 4.An 0 j I3 a> 3 ^iA“mj *4^l1c 3 ^ Lc ^1 <t.ia-J 

3L3k^ oliSLc l^"iiju3^ j^j^. 3 ^njj-ll ^-i^-Q 








£Ua^j-q 3 Ijifc ^j 2..GJI ^JJLj 4 Jgj J \*^xll 4^j^ 4. uVs 3 

^fljjJI ^ JC jlj 1 3 O 3 ^j-uLl5 3 4js jJI 4^jj CjjIj UKj i j 

3 jI£ U J[ SjLcI cJjL*> IjI < 


^ iu^J JUI4JI ii^JLl JSJ 

uLi>j 4ju-pjl ^Ul JjjiaJ Jj i^aJJ 5 >joLlq 43Lu£>Lj 4jJLc 

IjjI tjju^iol ikuul ^jJ jiiLi ficjjL^JI 4^Uo jK.ixll jjl 3 .ll 


(3j iS'iLc- J L^j ^ ja - uJ I jjj^JI ^5 rJI ^jc 3>* 

.AEAt > h 5JLJI ajjfc 

Cj Lii-fl La-q I 4 I iA~ 4j.vA J JxloUjj Jj-ualiuJI & Jjfc Jj*jjj 

dllA <Gl ^ ... V ^JI 3^j ^ *UI^I ljL^ j j^-^LLiiijl 

«i «* ' 

^JjUJlU Ij v. ftnOjJI j^J JJJ J^l (3 *iS** 

i 

jljJU jUo| C* 1 ***~ I j ^ jq [ illXlJ (Jxolj-uD ^^Lcu3 4 JLJI 6JA (3j iixlLlAJI 


Jj J J^-^J-J ^,a.u.u 3)I Jj ^1 4 \ \\ 11 lj£j ^auij (^jJI ^Ulj c4 * unjja 3 
^-oiAj <3* ^ X$ * 1 \< <*jjjj^\ Syuu-^JI 3 )Ijj^ 4jLu^L>j 
£*\j)\ 4JlS <4j!£a-uj3l5LJI 4-iJJI ul-^-il^i^ J jJ J-aj i_>jl:v jJI 6 JA gtjLij 

tl£^' 6^J 


jILIa 3 * 3 ^ 4jlLcj iLoLoli 4 jISLq (3 3s3^ >w ^ 

<4l£]l 3 * jJI ^jjjLl5 Jj^XoiII 3>-° 3)J*^ luu ‘Jja ^ J£* 

4jlL 4_lg£JI jl^fl'ill 3^ 3)t (JjLc^j Ljj^ j*£JI <3 ^tP 4-L^,n^ i juuj 


.4jjUwj (3 Jxolj)i^\llj y^ol-Lall J-C. j^j j^2>l <4-iy0£i]l Lj3Lja 


EPR ^Lu 

(dijjjj y^iljj 

«* 

Jj 4 ,laAJ ^JJL-I.llJ 6 JL 4 J oijUVil ^L^ojI Jjij 


iiljl i^vjl 3^ ^^^ n 1 j I 3>y-S-H JjIjI 

I yt J^JLI 4a^uU^II 6jlAJI culS> .^Jl acl^il 5JUJI 

CjLojJtA 


4^la^j ^.5^11 Jxo ^4. ^-l\nxu^l 6J.2h.lj 4 t\\u\*y 1 

i^lliiiljl SLk 2 >. 3 IjjI J^JI 3 ^ ^jlil Ija ^Jj 4 a> in^ 1 4^jjiJI 

4 1 <u"kll 4.^Jl * ijl^~ll 3>c 3)^^ 6jiii.rvl (3^3 


r* y 




Cjj I \j ■“> li-AaLvvl 1 


JJt* jj*-t 5>®$ *(Ja*II J < j5j 5 i . ^ Jj 

. tV» iLitlj 1 

»** IP 

-jjiJI 3 * £j I jp-u. J1 ^S-A-uO^-aJI J^llLtuiu! SLl^ Cxit5> 




3 ^ 4ojIj] 3^ li^>. i Lull I jjLij ^jl 4jjc ^jj-^lJ|J1 

(3,3 <cJ3^iAi.Vi^J 3 3 -^AAiit j5 N^VO 4.XU.I 3 ^IJrfi'J 1 3^ 

.jOj.II £-0 (Jj 3 -la JJt-A I^JI 4^uliJI 4H*v 3 J CuLa N^VI < 1 au j\.a miJ 

j\jl uSil J 3 ^>- 43lui 3 I-JL 0 lii-A (J^ ^-o ^jpjLi <■ uijl 3 JU ^3 

^ p j> p 

^L^li 3 ^ 3 ^ 4^ifi 3 4*jI ‘J 3 ^ £ 3 ^ J-* 4jI £^o 

SyUD^I 4^JI I 4 J 4^*jLu^J I <LlxujuJI 4 11 C 3 ^jAjjJI ^JjC. 3 ^ 4jI 5.^.1 a j 

j 3 jj LI 3 1 a$ ^ 1$ 1 alll 1 3 ; 3 4 I ^JLxll 

ISljji^juo 4i,i.iJi» ^Li£ 3 4 judL iU-txiL j £ 3 -^ 3 !! IJjfe J 3 ^ ^jL-iuji jl^k > 


J** 


Vo <\^V£ ^ 3 -^ 3 -^JI (J^ ^ *^A 31 II 

%• 

'i! jii^jJl lax <jl £_o *«EPR jjASLu)) ^l^jjLj ^-fljjtj 

^.3'Uo)!l Jx. ^^aSljj ^1 

p ^ ^ 

3 ' fl * fc * 3 ^ yUuiij 3 I t4_) JlcI xojQ 3 li.fij <JJrvJI 4 J 0 JLJ CLul^ 

^3-^ icLajJI 3 -ac 3 *^ % Lo p^i j 13^3 3 ^ ^ ^3 ^L^p^Ejwo 33^1 3 ^ ^ ^ 
■% ^ 

^jjc .3 35 1 " II ^Jljlj ^L^l ^Jtxjo Lo 3 ^ IxLfl 1 * 1^3 iSjALax-o 3 . 3 ^-M <i! 


^11 olyoujl 3 ^U ^- a ^JI ^3J.4 a ll 3 -C 3 XL 1 JI 


fy 'XiAi t u . ' *, : 6fjjjj 



6e 


- & 


JL5 


iS^ (j^-i-ljlij 'iJj ila^-uiAJ {jC. ,j Ia »" ^ ts-^ 1 1* W^« 

iLoXljrk.] jA\ij (jl ijjji-lll (_jjJI ^^sua-iJI jj-i-i ^jl 4irt-% 1 

ipL^xflJI <J La ^5j-o (j t a fl *> a £-ii3j L^J 4,-uolA. 4xa ^ 4 ^ . i u -^ . JSJj 


.(^La^JULI) *LaJ ,> Jj^l epr. * 

«S^LoLu> j r. '‘C II Jjljii \ 1 ° ■ -^J j I >~U I Ja> JJ -ijj -IJ M»wl .f ^ 

4jjuIjJI» Ja-» j .v^-J i lia a^LL jaJ jij .x^ro ii*u <va ■ —vvv uUia .Physical Review 47 

• ' jIjj iCe- 1 jj •!_>" «5j5U3Aill 


v-r 





4^j^JI 4 \*i\ 


AJJlj 0 


c. 


* 1 


(>u» >5 Lxil^ Loix Lo.j\11 iiLuxll / II iiLi^Li 44ixi LJLo ^JLoa-uj^JJ 4-J^JI 

M * %% w V ^ p p » * % «4 


iLi^ls 6j-Lfi Jjlj l ^ £s I. v -wN dK^^ 11 


^J-uLlA ^ j_S_> LqJjC.j . 1 <Al » 


4^j m-% II 4^^>^v 4 ^ia^ 4alx <jl Lo Lx!>LLl3 ^Jju Lxjli 


^ p 

£JJ^il ^j-uLi5 ^ v tVi m\ dlij ^^3 i *"** u' ^ ^j)A^.J,l ^ Oj 


•CS^I 4 £\,\ Ill'll I £JS^0 JJlL/TU r»L^ I ^JXlSLLJJ 4 1^3^ I 4 <\ \ Ill'S, II 

jaJj A 4 o inn II 4^^^. II 4_i>a^J 4 ^ij Lj^-i-flJ I CjLcuI ifl II ^Lj ^i Jj ji (J^lj 

tin i^J Li Lg-Xfl^-0 I ^ \lV\ iii\ jii 4 ^ Lg-XS^-0 ii^-XO 

Ij Li <s~) 1 3 lJ 1 -<<>* 1 ) A eUu-LUS*. Jl £.3^1 d\\[ \j iQII ^LuLilli <JiiL cJJ 

^ p 

LoLoJ l ft 1*1 ^*1 jlu ji j-oi!l <io^lxo yX (Jlc>J n) ^3-11 <1 4 \n\ 

^-tuljiJI Jj-o ^ 5 1 Jx JlcILxj B 4.0 i^u^k II 4JL* ^Li l^-Xfl JuJ 4ilij^ J^LLuaj^ 


Jx ((uijJtJ)) <jl B 4 ,A\.uiy II i. 3 \ \ .A 4-AJ-ui^k ^ (S3^ 6' J 


•* * * 


t_| jj-jjj Sii aj jj^_* ^Jsj-o jl i5jj Sjj 


4^ 


^ UJ^ 


P 

(( d Luk)) Jx ^-*3~* ((LiX)) <1 a t in-k. Jx XjLldLlA pl^^l <jl ^Jl jaJLc 


Lo p^sli tpliAfl II jy£. 1 Q.13.1I ((JLxj^I)) 3-&3 <4aaa-LtJI ^iJLao IjXj 

.{(XXJ (J-XflJI)) ^^X Jj 

4xtilj J * ^ >» ^Ls 4(j-^^-miu liiia~ lj| 4 jLj EPR ^ 


^1 ouUiJI ijW Jx iiu [^1111 (.Uiill i^j jj^ll] 

4J^-u (_^Li a-UoxII 3 ^h ^- 1 cjJ (S^ 3 ^^ aIaII Jx 

p ^ p 

d!Jj jL^ 3-^1 li^ JlLxij <(.d!JjJ ^Q-cu-i ^jl * 4j <Sl^JJ {JjfriLxo ^_ijjjJLJ 


jx ^yLxj iojjXc i3e^' 

^LLil^ul .4 J < 31^JJ ((J^ixo)) ciu^jG Lo Jx lj)-u^i J\£-\ \*\ I 4 4,^1111 

4 ^ \ 11 d^^A 4-k-o^j ^i^-o 1 Q \ Q 4 j < 3l^g j-q l^ujuLxLi ^jl 4ili^j 

^Ji-JI 1 ijjl-Lfl CjX^nJ ^1 ^Xj)j^>^o ^jlxo Lo-^J ^j44jJ ^Li_illiJI 

j 1 ,nI 3-° *dJ 'i! 4-j I dLa> 3-° <^1^ 4 a \ /4i^ 11 Jx Lox 


. 1 o Pais ^j-q °< 


+ 



oLA5LnJI 


4j 1$ I 4-Cj^o^ a 4-*_o^ 0^ i-AOJ-J 1 tI I ^kJ IX-J} 4 _lCJ) «^J)1 1 4 iJI. fl I^J I 2^ 

jLil^Li i^Ou'ijl 3 ^ jLfiVjl jj 3 ^ QLi ^ Qft^o J-c. Ijllo 


<^VLH 4jj^l Lajlj I JJtILxiljQJ Lij^U *bL^j (J^ ilx u\ 

Cujj 4lLiJj^JI 4 -i-lj^A. rJI oljl \\ V^lI <j!ujlj <2)1 4j jji Ijli 44jt\fll 1 


<- c- 


<LiC1 4*_ULSI^JLfl ^4^K^k \ i«3ljr\x.^LJ ^jj^gj-Lo 3^ tEPR ^13 




4 nwii^U I ^I cVa.) <^C. 3 % Q 11 6 ^JLaJJ Lu^I t 0 11 ^ 2 j ^ -ft l$J s _j jt 4 1 

u <i: ia^ 1 4-iAi^JI 2 ^q 3 E* ciljJj * 3 ^-^ 1^ 3-^° L^J 


^ V /I 


^JLL 3 ^ >_^-> ^iTk.^.H (3 *3^ <2 >^3 -4jIjj LojLS ^J> 1 /^a 4 J 3 ^ 

m^k 11 1 I jc I^5 3 ^^j^-11 4 Lm I LlV^l 1 jAx^ J_c 3j-Lki 

► 43-ill s^atTi 3 J\ nl.lI 4-Lg4 I^A-i. 1 ^ 3 ^Ij^l 31 j-flLuU 


3-^jJI j 0 u J1 


J'bLi. CjLci.unr’k II 4^^-=k> 4 lr> i in i 3bl 3 s 5 J ^E>3d-flll 


lUli. 


^ iLLuAJ SjliJIj ‘Sj^AxtJ jl JjjJI ^ 


Jl* 6 U^JI 


j J-C-^ Ji Ji-^1 2^o 4. ?k Q u~\ Jl Jjc. 1 aL^il 3 3*3^ o^ij^ 

3 U Jju 3 4j^L!iJI 4^idj^JI jU-^l Ij-A ^ i4^k fl jy£- z\ jnfl II 




^jLajJI J^rJI x-xi 3°E3 Lj <2)Etnj| l^j c-fl^JLo 3^^ 4\c 

4-i3LijJI Jl^-in^l 6J-A 13 *«x» j j) ^ % ^-LAaJIj «y)) j j) . a . ^ > 2^°j^' 3^ 

2 ^^.aj 3 ^^ ^4 i\in\ll ij^li.jJI 3 41>l1zJI j a 3* ^j-flu ^ Sljl^ 2 )^^° 3 ^ 

« c- 

\ / <iAiA 2> J ElxjaJ-k l L*-o 2)^ _/O^JI JlLalJ L^ljjkjuLul 

jiJj j OJ^ ti 6^^' O^-i (3 

^ ** ^ M « 

CjIaJl.!,*-*3^1 3 2jEa3xA JjLiio-J^ d 1^ i 111 J \ ^jLxU-LU^JI 3 CxAw1^3-ujI 

3 ((^1 Jl^k ini)) ^-g-uj3 SjIx. 3^9- <u -^ s ^ IjA 3 j ^J'^' 3° 

3^13 3 U 3 JI J-iixu JljLilLtuI 2£^9 oLu «i^ H ^Jl jxllc 
2 /j qLojI i.^j,II ^q J 0 U 1 JI j3x. l-j-ojLIa Lo 6 4iLLJ1j 4^^^JI 


* Jo-iiXl \ 11 3 ^^3^ 1 


j LIa ^3^JElu ^ \ ^ I 4 oLo-i 


gj <n 







pl/vi <nr\JI ol \ 1 xu A 

«N « ^ 


c L _l^\Q 


1 g l./i 3 ^-°-* 3 !j 3^3^^ J^L3 4 asjlo^ 4^: T - ^ ij^ i i> 

.«Lc )) 


£-jjLj 3^3^-^^ jIjlojq /jl a\3 Ll.^11 JiLojj 

3^ \jyjus 4^0 ^11 J-C.I 3i dlj-k^ i I ^-Lx3Ui Ijal dlj^'n 3i 4jlfLa 3 


pI^aj 4-j 3 ^° ^vjLs LI iJ^JLs 3- c 3~^ (3 4^^^. 


4 a maJl * 4 _Li^juo JjwO 4 -j j X> ">> ^JlLaj 3-°3^ 3^ J J^ li 3J.i£ clj 1 

j^l 4_i jlj) 3^5^-* 4_iLfi 4 x.juju j ^311 3^J 11 

c>l 3 £3^.11 3 3 s 5^ 3^ 3^-^j iA-ulj 4 ^-l^ll^J «^JIjlJI £-a 

jL^ Ij[ LLjjcLq LIa .L3JI Lajjj j! jLai.Jl 3 ^ 

j' li ‘cSj-^' u Uma - £-« ajL-alJI 4 >_ x V» 

1 ^ L>U 4 i.UjuaJI 4_^)lVill J Li m vJl 3^ u0 3"^ Jl£3ul (3 



13a 3 ^ 4fiju^ll 3-Lul 31 <.„4LJJ 3 I j33JI 

•3^3^' 3 P L)j^ 31 

3 ^a\ vq 3 I ^ \ 1^ /iu JoLaOU 3Lu£ 3 ^y^ 3^!3 LL3^JI IjI^j 

u>*«^ f ,J '- u ^J u^'j -A^- L -^ '-^ Ui 

Cj Ij I 6 LxjI 3 3i^J^ 3 jH 3 -X-> it-v-* v > .Vi. \\gj <4 -AL-aI 3 ^ 

tfjSU 4Xo3^ L$-J^ ^clLc 4j a a! L^J 4>oj <n^ II 3J ini <—fl 13 a 3 


xa-Liil 


Y ^ 



\ 3 oUiiUUi 



kjSji ^lill :T-°i J^Ju 


1 a g\Li (3 -0 Loj^j-^i <_»j^Jau Lojojus 


41 't ^jiLl! _ * * m * dJjj 4_uIj S^o LoJ^J-rwl Ij-lxj ^~ ^ 


jaJLc Llrxrv luJ% II I JJb> JlLa JjLqA_lS J^-cu . 4_ljL<xill Cjt i>^ tli II 


o 


c5^0 ^A>* dyUi ^^LLoIj U 


Loj A.LkiJI ^xJ^Ltuj L ^±\1 II JU^oJJ 4 ^LoIa 

^1 jy£-a-> iSlla ^£jJl u^ cJI^j C/^j jjs^ it-lJj 

^t-X^X^jj . U fl "> )"> £ (Jl <lflLL ^J-^C ^Iji-H (>a lljjr-G3^jj lljj^JI £oli 

jl £J3^lU c>Q >wii (iJLoj ifllLa Ij i_Jl>) (3 jjrGj^jJI 


Loj\c. tij^ ^j-o jjjjlJI J^jLiii lI ^ »j) >^.*L^r- \r \uiuj ,*>[•"> 1 Li lj_a>^ 

4_a_xi^J1 j Lol J^-j (3-° «j^j^iJIft JJ IAa ^a^lLuj 4JLj^iJI ^^uiujj .rj^L>-l jIj 

- * t ^ t c- 

^li^l £-o ^1 icjLzillil LcL^. 4_»_*i»l ^jj& £ 3 j *J^1^ Cj^ £-o J-fti-JLij Luli 

,1 XlA t i 


Y-V 






♦ Ot^JjiJl <V* 



j Li.^ j> i^-iiiI ^tTuT* jLulJ! Jl :o —^ J£u±> 

^ & 

LLo Ui'iLLj 6j^j^' Je^J 6j>tyj^ 

J^xlu JjAluq ilJ^-^k jj i(j\ ft ill .^^■T 

J£-i (3 L^LoIi ^liji £-* Jik.ljjjj ^K^JI j^x. ^jjtlLo 

J *bj^ ^ *>=» J d£-lj *£-^ 

Au^L>j ^jlal^K'ua .^LojJI 


t4jLcl.jui»l iSLL> j JUJI ^-5uJb 

*m 

• JjiLa 4ilkJ| OdA J-xILoIi Jzxx-uj-Lillj 

i La\ ifl /m <3 ^Ja Llojj I 1 ^-11 <J-i!i-aJ < (SJ^ ^ &j-oJ 

Ojj^I u^ LLjJ lljliii 6^b 6^>" jy* 


y * A 



2j)1 I j Cj Lua-flloll 1 




=*' dj-AJ>A* bjLui* j A>=A?j ‘6j-Afj^?j 


4oJj 3-^JH ^311 ^-olj jJI i_fit 3g$>1 .^3*1 3 > 3 J > 3^ 4o*LuJ1 cl)[ 7^9 Lljlu^LL>^ 


3} jJ^-^oil (jM 3 ^~ c 3"^ <3 4al > _^A 4 Xuj (jLaoa^ 

v ftl'N-ll 31 uJ^^l (_g^LjjJI ^-Lu3^JI LoLu (jLojJl 3 ^LoiH 

o 133 ^ 5 "*^ 3 ^ 31 isL^^lL&j .A-ahAj ^Lcua-fl J^-tu jLtu^o 3 ^- 3 ^ 0 -^ 3 


2A-> <1. LuPjJI 13 a 3 I jJLlA ^).i.U..U 5jLl 311 Lg3i,AJ.l-g nifl\ ^A 

•% 

J^Jj oUjji i pI^ji J! j 


A“b ^LajJI j ^LoSlI Jt d^Oj dAA 

ft ft ^ p 

(jAiSLxiJ J£g?J I 3 333^ ^ J LaiA ^ f.u 1 J).^-CU ^ I 4 o1oJlJ I ^yOi I j£:^ 1 

4.1^5 3^ 4-tiiilJ ^Lo3i-fl J^-3 j LjJ Ja^j .lajy^JI 4 Li a j,l 3^30^3 jLui>o 

<<5LlaJI 3^- 3^L3 jJ 3^°3"^ ^J-fl-Tk j LoJar. I 


4j^| Uq./im Lj^j 3 1 In j 3 ^°J>JI 3 ‘ & 1*3 H 31 Oluu > ^a 4 ,jlo3cu 4a Li 

<Cj 1 *\mo. Cj*3j 3-° 'ilJaj ^j3J 6 j-a ^jLqjJI 3 31 3s 4-5aj-L^a Jj^jj 

3^3^^! 4,aj lajjJ ^t_a-u2u *6Jfl ft jq <Lucx3j 3 3>3-J'- j 3^JI 

dJtaAj laA £-o LojLx^Xcs (ji^llj (j3j>JI jyC. £^ft3o J^olia dJ 


Jla-a £/a 1 ^ ^ lj LgaLau 3 laA (2)3 Jt^.. xu^jl 4 -oj JaA J^Jj-aa^j . Lu-lo J'iLi. 
^lali 6 ^Luoa ^2a° _A-*a^ 4 </?s Q 3. to iSLlo Ij jtIcj (^311 

^jJl Cj^ij ‘uj^\ ^ 6AA ^ ■“ **A 

fL»jl d ^IjA^ <-ii d>=k2j ^jq JJfcijjJI jlc. i fl\a i 


> C.s7l /n i s 


^t_l=sLS-c 4 J 2/3J3JI LlK 3 ^-U3 dlLlAj i4ala^ 23° ^ ^ 11 ^ 6j3i 


UjjJI 4ajlaJI ilLJI 3 ^ LaA 3 * 03 *^ 913^9 4^ \q 


J.1.U.A 


p p e. 

S^-ju^oJI jilaal Jjl 03^ 3)3^9 ^3v 3^^ 4J3JI 3 ^3c 6J-^ 3^ 

2jLc3a-fl (j^ 3>-° 4 -mit a ^^jaJI ^&!±aj (2A^J-*3il J^3aJ 

.(jGJL^JI 2 /^ io^a-uxll (_^3 Ls 3I 3^3aaJI 3 ^ 23° J^ 9 ^ 3 ^ 

*+ 

13! ^3^9^^ 4IajU ( 2 a-*-^ 4jjl3a Lxii 


^1 4aLxj3-LU^ jJLlAj 

; 4 ± Uq d * U.c ipJ^LiJ ^a2lI Jj3la la^CJ 


#= (r 


43oaxa^ 4 m»3i ^Jb JjJ)~^J)^" 3^ ^Ja^^-ILI 6J^J Q-^fl 11 J-flJ 


p 6- 

3^9-> s 5-31Lfi <3,3 v3^^ Cj l^jL llijo 3-° <o^jl 3*3^ 3' ^aJa3ma IJ-^-1^9 5jl i /*\II 







4 ,c\\ iii'y ^_yC £^3 V...ft *0^3 iilJ3£ 3^* * j ^^ A xll ^Js* 

^-Avut-v It i ^xxu 4 jI 4-3^_>jJ i LaC CiiAn S jLuh-o 4 AimA 9 

«« « « % M % ^ ** «M « 

•»W J! 



Jl^ in I J^)LuiJLi^) :V~*\ J£3l) 

• pLxij^I Cilj 3^*3^ 


3} \ ^jJI jl.j^ill 33 ^ 3 ^"^ 4 in.ftj 3 ^* 3 ^ <3 J} » (_£jJI 

331*^ ul^ 33\>® jLubll ojj>iil u^Jj <3^0^ 3 p bjJ' 

J^fl <3^3 ^ 3 pIjjJI 3 i djj^JLo 333 -* 4-lh3j ^ 3 ^°3^ 3 f d^^^lll 

3 U p^jii ^1 3 c ,iiU3£ 33 ^-* 3 ^ ^ L=k - > SciLlc c-u^i- 13& 

»» ** * 

Jai-Luuj 4 j&Uo L^o \2.\% \X\ S^lA-c 4JU (3 5jJ LoJlIi£> Lul ^jlXj 13a 

4 \iio 1 .1 ft iSlio 3 } LjlA J^iJI 3 ^aj 4jli t5j).flj-mH 4-k-^3^l 4JL^-H 

J^uJI IIa ^uJj .Jlli^l 4 jA^ SjjU Cxlucjj U^l j pIj^J J>^3 







^1 iAolVlIl 


^ \ /ii * 


j 4 


6JjjLoa 3sK>* 3* j 3^' ^* Vj * 


* j jaaJJ 4 .a^ilL> 11 *.aU 4 _SLL=JI 3^° c$s5^>^ 3 i^Lc. 3^ £i j-^Ti 3 f ^jlSLLI 

«* 

pLjuI oIujoa^ 6 j)*uiTi j oLaL^j^JI ^ i.a/tw (3 SjjJI 3 ^° juujj 4ja»^a 4fl i/v^ 



jlJI 4A^j>£k 4^^jq 4 fl 4 a fJLc &1 a 3^ 4 La j\m 


4.^JiIa ^ U ii.lj ^ L<iu3 3 ^ ja ^ <5jlHll llS^j 3*3^ &3 £^»a1g LoLu 

6JA Jx *—JjL&aaJ ^.xl-vT) ^a Laua (JxiAJ C.TiAnil CjLlLaX jj-o 4 J ml <n 3^ 

,4 iiall Sjlll 

Uaju^xxu 11 a 3 ^ jt^LojJI 3 * g^lll 11 a 3 3 aJL ? 3 ^*^**^ 3 ^ *A ^1 ^3 
3^-^j 1 ,Lirw1 3^1 3 LaI^Jjj ^CJl 4 a^ ^jjC 

fcLall 3 iaLxuaa (jL®3-ll IjLLj *3^°3^ 3^ ll*3fl&I 4 jCLxa£: CjI ijxw-il 

<jxVijCkLiii S^J 3*° 3^V £L*-£ ^1 ^jli SjJj-i 4 -ULujluj . fl.fi J^-lj 
c?>=^' CjIjUI ^ b» a J^£..fl Jo^Q llife^ <Axj Loxfl (^j^J SjJ 4 Uji»1^a 
33 ^-*-^ 3 ^ 1 iti * 3 ( 3" v * 1 (^H 1 ^aill iSjfl3 n>ll l^UL* 3 

3v J^l ^ jx ^a 3*3^ aI^j (^lll 11 a 3$LUI ^ jx^j *1j^Ia 
j^aI 3 ^ 1-1 3^uii 31 30 u ^ 1 3*3 -3 j£ n 3^uu^i >»a£~ji j j^j^ii 


<j^Ia jrGl3 4 J 4 ul&j jja1.1I 3 ^ IjjaIa 3^JI 3 K Ijl ^i^LII ^^LulLo'JI 

3 SII >\j> US 3^11 A Wo dJjJj i J Jaaa 3^ 3 J**JL> ^jjlUJCj 3^j 

*.JJaa 1I 3j^^ 4a.. xxLsj 3Cm» 4 


♦* * * 



ijjiklJ! 3 ^ 


^ - 


LqJa£. LLljI ic^fujJ 


^ 3 ^ 3 ^ ^4 <n a \ 3 s 3 j ! 3 ^J 1 « 6 l^j» tf UI U 3 ^] 

«■ 4 

J-A-LUJ LgJjlfi Jog » J^-LUJ 4^^Si1 oLcLJI 3 I 4 -L 1 . 1 A 1 .J1 


3 U 3 JI u-i5 ^Sj c.j idU 1 ic^UJ JaC 3 jl ^Ljj <PJ)oAI 1 icJM j 3 -° 4 jjtA-Lg 3 


.,.>t ^jhq ^jL u JI (J »r> 0 1) j 4.j 4JLL ^Jju^jcllj A ^l 6 ua cJj^j 

j Ju^LflJ ^iljJ ’■ >AJ Afl^ . \*\VV jj^jLuiS! <Uu&L>. 4 i.u b Jjli OaL>Lak 

oLi-JaL>jJI a^*> ,^1 ^ ^jIa) a a^JI j 

\ \ A V Ot-olo. ^siti jlj) ,c -® '2 ^^ jy\k* 11 g j 


YU 





^ „ * 
i pj) rAxl 1 4C jvu J jLxj 4CJ^u_i l JL3L ilU J^fi-H jJjA-Aj .4 £.Ljll!I e_Afl^AAs L£U 


aJ dj^j ^^j^iJU ^ L>0^' <j* LS“^ 

il Llj JO iQ Ijl <jaA mil ^_fl^iT 6 Jl& ^3 ^j-XJ-t-LU j5 Ji <Jjl£U^ IjjJU 

4.Uui\ 1L> JuC (3^ ^J-AA-m_J ^ 4j£JJ oLcL-uj 

4 4-lJ^S^JI 4 ^lcLjlAu^J 1 d * Q 1^ 11 jAj <4 xuAj 

IjJ <_£jJ1 jA-i^J I j l fl Vj I (jjO 4 A-uj .1 r> u3JI ^ o ^.-1^.Q j2 LjjJAj 


4*-uiAj (jLojJl ^A* j LjjvoL^j ja ,11 j 1 ^ fl ^I <4AjJiA ^AJI 4_i 

%% 

a.uq J^-A> (3 ^jjA^AJI jLlllo J *u lJLu 2 > (jn 11 ^ .fl U d \ /■! i 11 _i 
jA-C. 4 ^jj^JI (1)^ SjLAII 4j^ A-aj-fi-j jj5> Jj^j^AJI K 5.S ^jjU-J 
4j AJ <n zv 3^ O^i ‘ijr**-* uAfrAU 4 j^iAJL ^jUjJI 


.SjLuAI! 


4 A /nl Q II SljL aujO (3 (jJ)^^ v > jjjAll ^..ki.LU.xaj 1 J-ulA 

^All AJaAAJI <41^5.ill bivt & 4l>J^JI pL>j-k-fiJL» 4 -i5j-vjuJI 

(J^-j Jj-E3-uiXI^ jv^L^JI^ ^LLI (3 p <3^ <jl Li j-lt: 


(3 p^±> (( <3 jj^ (3*^ ^g>ii * 4 3^ x3*^ ^ 4^C i oi ^ ^(3^ 

p f- p ^ 

ctLlAl^ j^oJJ Cjl^ jlA^J (jl (j^LcU 0IA3J^iJl ^jl ^-SLAjJ^JI i 1 Mlfl J 4JA-2JJI 


^(j^QjJi ^il^JI j A)^-»3 AJI jLlu-o i4_LoA^-o o-lujJ 4^lAJI i3 


4^ 


Xi ‘Ly^^ 1 ' f^' CT 1 ^ 


t>° cs^=** ^b J ! ^ ‘crb^ ci! t>° bL- 6^°J^' 


c5>j d-^ j^aJI <_>uiu I 4 J (_ 5 ji>-l jiaj < 4 ^J dliAj -C 5 J-^ < 4 -^J 

6^AJI cl 1 i^iMl l^J^ jAJUJ 4_iJ.il 4^ jLuil 


(jO j! <A 1 o AaA-jL^A jAc ^-iLi.a.,1! ^ 11 3 ^\ vc. j^ 4 jI ^3 jaAuJI 


. jLlu-oJJ 


c5^ c5^ d!j ^d^ A b * a (j CjLaA-uiiJI CjIjLoijQ ^jC. IjLqj 

** 

J^Ii jjj i^j \c> Iuj^ 53 4_uiiLi p^iJI J^Aj jl lV i^Lqj ?«4jjl21^» 


6Jj^.^5 


JSLl jlaUl 4_>J d^b J-^ t5>^? (j^ 51 ^ 

•* 

CLS iA> ^Au J*bLA. t ^> jQ J^AaJl dllj Sjj^Liua ^1 jj^ ^d l-Al. \ \ 


YU 



\ Ij Cjl qI vA\ 



d do 4 _q_lxll^JI CjIjL^xuj J£ jjl jJ : A- °\ d^d* 

Ldljjl J j)^" J LodiC alifc. ddddij 4 ^j-». <sS* dojji (jlSLo^l 
(J-^ lJ[j (d°j-^ ^LadJ (d-*/^ c-uLaJl (3 5 I) d“° 

Li^l jj| Lfr 11 <n icjih. CjLo xauaJI dfl o *4 -»• a H d 




% 1^ 

^L^jI (3 CjLlA-> 3- j J \ i [ fl * \ V\ J^jJI ^JJQ <s d^y i J*2 J 


9 

03^~*3 6J jQlxjz 4-u^j5j 3 -u jJ I J ^ ^ c iv^vll JxJ 

<^lj _£-i-jJ LaI L>^9 Sj^ju^j I JjljLjlj ^11^1 <CjLl4ju*J^j 2:bj' 

^j| d3 O /* 1 ' 0 La 4jp V!^Lo jj* 4 I * Q a La Jjl *i!l 


^-tu ( Jj^ LjLLxj! ojJLj Llj^j ^^uLuj^I ^Jsl^JI J j-u \ ^jJI 


d djd^l d* f doSll Jj. dj^JL ajj^j^j c£>j ddli oLl> d 


<_l A j t4_4ui_> ~v d-* (i1 o d^ (d-^d - ^ d ^b^Jl i^\ 

d OLjj d^-JI ^j a-> . J i^V> d^ d^- 0 - 1 diil d[ b-*-" 0 -* 3 dJj d-° ^-*->1 ^-L*J 


i,U 


)JJ^-! ^ I» 6jj-ua 


d^dud odd-ljj d^ (_^d*_Lj tfl <Aa t 4.J-^,r>j-o dd 

1U d 1 ^ -d^J' Jb f 1 LoSlI J1 d^dJ* „ U fl.a l ll 
— A-tuLdl ,‘,Lidii Qaj , 11 C->d , Jill 4 J-igdl aL3- 


(J-C. ^LodJj u-flJdJJj t^LsdJj > ILL 11 j i^LsdJ^ ■ Q-^ 11 i‘I jn‘ ' ^jjl Jjdlil 

^J^ ,J^ cgj)" 1 ^ s djj t«Lxlc 1 > ><■ ** d-°d^^ ddo 

^dLtuAJ djJ^! J^ UJ^ -J “' Jda 6 jjj^s t3j ^JLslJI (3 CjUj^La j^dlj 


fJUJI 


lj |JU -Lid lilLL* 1^ dJ^J' jd^L^i 


• << urdd^ )> d jddJ)! 







3^*33 ** ^ <> 


<jl J LfrLxrk > ^5Llj (LxlLc (3 S^-flJl 

iJllll^/O^^jJI L>° ^-^3 i^JLxJl K ^ 1 4^xlll £jl ^nLJI IJ JuC >.\ ^ \ ^j\ 

IxjjJooJ CuliJI £jit^JI <jl .CjLjj^A^J! ?4pLoill £j>I^%!lJI JJjiJ LjjLxujg 


1 ^ ^ Q * louuJI {S3 * / M ^jlc ^l! jlS\ \ ^1 La_i^ yuxjJkt Jj^-^JI 4-jl 

Lxu-o^ p>j£j LXx jL^^I fcjjfc * *? (j fln j I ^JC laxo I 

LuLp. 3 l>*3"^ ^>^-lu.uI j ,4 -lc^jJI 111 jy>- 4^jj5lS Lq^q 4 x \\ U1 J-u^l 

iiU Jp JJucj SSjj-ipj 4 n j^uliJ^o fJlxJi 3 4-p^jJI 

Cj^JjLx-o <jli Ijjfc wile. <6 J^j 3&\ 4JL^ JI ij^^xu 


\ t i i y 


4 J^.g-iAiJ ^ J fl fl t1 I. v A 1 > l a il I j11 t^jLoj-11 j\£i ^jLtuJL) £la~uu 4jj 

J£-i! Ij 


.iillj 6^0 6 J^Jl11 p fclpll ^1 3 <^0 II 3 03^* <J^ U^ m *'z!3 


j 4 -p^jJI lllL^ 3 I3 6 l^Jil 3 ^ ^nlfl ^LojJI 3 Ul 


» p *• 

jIjuI jj) i^Vi jjl ^jlx-uoJI ^p3 *4 a i in's,II ^^ixuLo j-c uiu Uc. ^LuJI 

JLcufrj viVv nv\ 1115U <4_dL5 LjIj^j I (3 % J-C. SjjoLxic 4 juj^H 

IflliijJa Ij[ iojLeJI SjcLflJI 6 Jj 4> ^-xxS IjLo jj)j/Wij 4_xjJ}JI jLx&I Jl^I 

«• 

LlJ ^ UU OJ 4jl^j .1 (j tic LiJjjia 4j*djJI jl_*_i^l JlC. 

ji ^^1 ^ <.iiui Jb ^toSn ji j! jlJj jJ ji ui 

5^^J1 lol t K fl fl jLcaJJ d \*C a a Jj^SLi Jjfi '^lLa 3*\j -v it q l <-> I J., , : 


4ml ^ 4 ^ ... I ,nSll &JC.L2J! dJJj ^yc lliiLa. IjU .jc.j‘>Afla (j* 1 11 J 

/jl (JiJa /wo LulU 


JiLUi 


iSl ^LJI 


J^ilxuj ^J j-q\II JjU (^jLojJI (J > flKl l 

^ 4 U1 <n t > 33 1_^ % .JjUl \±A> 


* * 


^JUJI -Iq^UaJ 4^JL»-q , U. i ..nil ^o^jJ \ IOA (J <^ *pji* C*Afl Lax \y^& JjuI p)jil j jLp o-AJ 

L^jI ^^uolj jJjLxjj^ i^fuj La ^jlc jMi ^jJI ^ jl 1 5L u K J . OJjJxk 4 ~L <n\ </*>->> 4 ilf.^ t o"^ Ul ~fc . 1 

*5^5 S&\ 4-pLj Sljl l^\ Jx dll j jlo o La^j I^jSJj *1 (3 ■vMxj j 4 tj U\li <1 .L^SJl LaLaL ^si^3 

.jjui U-u cdlj jjj-Ll 

43 1 k^(3 fl C. 4jiiiuli i^kJI oLuoixj 3 *- ^ 6! ' 

.(>SAT j u lUj «si*j) ^a^Jl /x. *aJI 




oLiiiU3JI 


0 LujJ1 S^jLJI (Jl (Jjuoj ^jcxjJIj jLiuJI 'Jjjmq 


<2)Sll .dLul^J «(jx^|l» 6L^J^I (J SjpL^JI u*)T\ I Jx wiSjl dJj (2h° 

J^jtll <({JjLluI» <Jx ^yAjXlJ «<Jx1)> Jl 4^j^JI ^ i \ri”\ fin 

inll dxLjl J 3 J &3 4-ljLj 6j^a v ^1 J-Lfl dLSl5k-o 

> £jj JAUuxlJ 4 i <ujJL> cl i_Afl II ^ 

4-^Liua 4 u mjJI 4->^lr\A11 ^L<lnu ^jJI ^jLo^JI j\t ^yiLmJI 


4aL^_o 4 fl IVt/v <J 4jl isfc.jaJ ^iSLojJl gLi,ii,iVl L^jJlu J^gjuOOJ tdL! jJ IjL^ 

<jl2LLI olxL^jl 6Lp*3l <J| ^LojJI jj).^0 jt^-llu O^^JI L> 


CjIxL^3^!I 6JX JaI ^ 4A^JSlLI jrX 4jLLaj-Ll <3 4j5AiJI 

IjX Jxoj villj ^to^l (2)151 a!1 

ftoSLl jJLllJI (Jjj-ll ^yX^!l (4iuL>. ^Lo^Jt Ll (J t .^.A Jjfl ^ ujrUI 

»Lj£jQ-q 4ajIj 6^o i—fll^Al 

caLLujJI jL*jjh\ oL-xLjJl pJlx iFrank Tipler ^lu dil 

4a^-au CJ^ tLjjlij 4,A < Lxia 4 -Ll^JI 6JX (Jxo Jjt (j-^jy 

«* 

(2>^3^^ j^-ujlL 1 4-JLiaJI j-Lj 4j]j ^C?s5^ 4-ujL^. <JLa*j& 4ja-Lul^j 

Lim^ A (J La JjbG SjLo Jx & 7 y£ 4_Li£ olj 4 jI^1clxu1 ^X 

Sl^ili iiL£ (Jxa ^ N 4 uX^jj ^ \ * • 4J^Jo 

•<2>^*>^ 2^" 2>* >?yj J-L J£ ay^ jjxj ‘SjjJl J 

(j-^ IjX 4x.j%« cJxj (JjLxj 4x.j^iia ii 

2 ^-1^ <4.4 0,1^It 4J^Lo 4 ^Llu (J Laj>W 2 ^-^^iI 1 g11 ^li-ll pLuiSlI 





^jlj ^I pLj-loJI 1^5 41^ 4iit4j vlilj (^jt txA J^uaxLt 

^ 3^*3 SjjJI 51 ^j iili ^3 Lfl.iuflA ^ 4 J (3 ^ dLkX^ 

<u U j-ly 4J1 (2^® Ca1^>-c Lkj) 4 j!^J <4ajIj ( JLLo 4-uaXLj 

4Sijuj <■ fl,iiij5ll (^jJI ((4-uli (JJll 3 J ^^jAjLjJI)) Ijx 3 <2>43^ jy*- 


^J1 a USjj 4 itA> J^j <6J^- ^J-C (J^ <^>jJU1j (JLaJg^II ^JA jJjIa J JkC 6 JlA CjJjLak JLaJ * 

«(jiic- aa 4jl y ^joJI ^Ti^I jij *4iUjJ 1 ^Loj3 ^jULJI (^a 1 jjh. JjIqJI jU 

.^ 11 » II ^^jJI \jjb (jfj^ ut 0**^1 1 ^ i.n^*> 4 ijiinll (jjfi m'nl Ifl-t-Uj ,d 5 tS-t^llj 





^IjjdJI ^j\ d£j)Jsl ^ja£ 4 1 \\\j U ml p^aJI \±& Oj^-* (jl LgLgj J Xxs tal I 

dll j A Jjl Jj ^Lfl tdllJ £-o^g (j5Lai J-C 1 ^ mr> 4 -Lxj^ dS d-iJLuJI 

ji-mU ((^^-ail^Jl)) <>0-11 ^ 1^?JJ *4-^ c-jjh 5JL> wu^>e 


<L>l$iJI OdAj . Id^ I <J.oI\.ru n 4-J^JL-l^J I <J ijle d^J^G 4VCI 4 i~vii.a. 


die. JjLg^JI >L-luJI dLie 1 (Jjl^jJ ^ <\ iS?i IdJj >3^-> ^j\ (J^aj 11 4JL4JI 

11 ^iaxujj . J-X-Lfl_j jdJJ 4<Jl^ J_e ‘<^-^-11 1 .ail 1 

4- r» (■ ^ ^ 

<J^jjLo P<>U 4 <jLg>II J-LC >LloJI >G ^-Sh-Lj ^j) £^ * > in\Jl ijjJidJlj 

>g P^jiJl IdA 4 lie jd-u Lg £-g d^ II d^wLa d^-Jp <j1 JU ^ (^Uu3jJiiJI dUU 


oLa-xuJl jixj >g lj,^i) p>* ^1 >11 ^ <jLg> 1I ^>-fl-LuJLfl 

^ >0 p^ju J_e ^jl L^XJS >Lcu Qj.cv 4 OLo-i-LLi^J 1 ^Jle <3 4jj>l]| 

d \1 aK 11 Lg_J Lxj^JJ du$ I j| iP^jOJ 


^ j-* *< 5 ^ 

** «N» 

dJj j ^JUI *\<\ro < 1 ^ Hideki Yukawa lj^ I 

pLj-Lell ^3 d^axjj Lole <>>uej 4_iiL gj ^gjJI >g ^-Lo ^d^ 3 -il 

Si> dl dLuiLoj 4 \fl J I^^LuiG tl^Lajjl 4 jugL^j 


^£>LII 4 I^.mlSl^iil j\ a e3 dj. J- La ^ ^S-ll 4_L=fc.^-11 4 ^ ,4Ji 1 1 ^j-g ^ejJL SjdJI 


(■ c* ^ 

^^SJl d^ »—v 1 * dS^.3^1 S^S dj^j 4il ^-^1,3-11 (l) - ^ >4^0^^^II 

JdJ3 4^^JI ^^-5J1 oli^jiJI J A " V \3 i4^Lmlill I J < " 1 ^ 1 4^XJ 

{. p (. (■ 

^ Us3^ o' (jr* dJ ^ 4 ^j> 3I C5^' ^dA (jl ^51 


Jej-Loj ^j) 4 -aj-ui^JI O - ^a . 1^ 1 


JILg iSl^ill ^SLII del^5 ^IdiJlAui» dl!J 3 pU. Ud> 

6jldio (^i-Jj-i-ll (( Cy^LU »—> 0^3 ioLs^S^-£ l1 I 

•% 

f- 

^-u^5 Lfc^ae J^xu^j-g oLj^ 33 -iJi ^e <. 4I^CLu^s ^n 1 Ij Sd^^JI 


4 ul^L^. Cx^Ji Sl^iil £jLS* (£ LgiLi i-jAiall Id^Jj 4ldA 


1.1..1J Lg^ -ImiAILi cdxiul ddli^33^^ (1)^ iljle OflxuTi^l tulijlill ddfl^JI dj 

C- ^ w 

oLcLeui-J! JdLu S^£d> ^)l iijLa^JI 4j^ Lgj 4jjjj 4jj^S 



c/J I vj Ij £j\ ^ a Lull 



JjLkj ^j£. a±juja Jr-liuj ^La.i.i.Q JSLi 


jLj^&JJ dlLiik Lojj 4-^oLiJI iJLsJI &dd> .oJIj aj <m 



1^5 4-iljju^j^ 


JdLxjJ 4-aLlu.o J^wUjlj J-gju 4_i^jSJI 4-j^^jJI Q 11 J^ Cj Lj^^JlaJJ 
SjjU> 5^j,i.nl ^jC. JLi dSj j 4gj j*\ J1 (jjSill ^J^olr^ «JjLj^j^-flJI 

♦ N^£^ 4-Loj pL>^-LfiJI 

jlV\11 c j^aj 4ju^. < U1 JILq 4-i^^lJI ^1 Jx Jo^LlJI 1 Jjfcj 




LJ^ 


<ol 


A t 




J^IjSJI J^JdAj ( LaLxS) L^-lH 


I (j-o Id3 j^jjcj^ .^k^-JI ^JL*JI £ 

^1 ^1 (J.x\%j I Q 1 <u.<.ua JI dllj e^_2 


• fl..l..LJ I A> yiC I j 1 4 e^1 j^-Q P^£hU | 

’ W H 

4 55 LkJ JjLojU 4 v 1 txv5v^ 11 x l-uon^ 11 Jx 11 11 ^hie I Julo 

~ - ~ * *■ 

4ooiilJ L> fl Ti 11 ^ dC JS LaK»3 i 4^jj=*J I 4j-a^j £ja^l I Jx ^ i3 x ^ J J 

I J-& Q ^11 ^d£ jlj d /\ % ii.^w It Jx Odr*. <£ 4lu <Alll iSUaJJ 

jrLfl-J Jjl ^ iU" /n t 4-J^j d^>^ <£t^ l\.3tJ 1^ iOd^J! 

&J-& ^hi^-jLxuJ^ ^jJI J^-a 4jlsI^ 6j*xJ ^5 r>11 ^de: 4j3*dx ^j-a 4j5LLd 

/|I 4 J Aj ^j ,\ gj 0x11 ,*, ai J AAJ 4 jI ti a 4 ifl xll a </,ajaS JjJ oil iSLL^JI 


J^lfl ^ II ^jl aJLxJI <( K"k L)) ^1 (J-i-fl 


4AJ 




J5> 




So 
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4^j^ol _i-2k.*^ SjLu*I (j-ajJI Jys «4jjji. » . rt jh-C. SyVftJ » 5^^-aJI 

j uJJ^-^ j 6Ju^i ^jjLLLj \jj\& Cr^j'-^' U> U ! 



OjI^J .^J^plijJ! O^-Cjj^C. oiiuui^ J^-ll JTVJ lill cjLa-Uuoj^ wJULulill ^ ^ ^ ^ J 

>4 <f\\ ^ Jl xi,ii_/\-l. (^j-iiLiSk t^£JI <L>^.lfn Jiij LoL&j 4^3 dl J &* * O^d. 

■ ~ ,■ 1 M111 ^o dlj 4 d*y ±u 1 j\\ .rt 4»j^icu 3 4_^1 j l km ydS/l yJLui.'iJl ud>jj t4a^ l l 4 ^«*i lmi 

^ajLfi jJl La rTv sh. ^Laaj^j ^>L*J Jaj* ^ tS-lUj-H 3*^^ d 4,1 ^ ^3 (* 4aAajJaJI 

■ fcl'A’i^l SjIaJI^ Jja dlj AiJ-^j LaLIxaj > 1 1 ijr* 


YT * 





(■ 

o^U- ijLuJI 3 oLiU^I 3I xbj *j£* 3^ 

jl « < ?(^)!j J -^ IjlA (J-&» 4"iUul Jx Ajjljjkh 3 


J^-lai ixfij ^ C 1 j 4 l\uu^ll u^l 4 n III (3 Cifl^JI ^.J^J UK((S^-xx^l 
lj)fl fill ji (jl cUyUil ^yQ 4-j[ vi^JA J^gI s 3 -A_9 iJjJI 3 

^g^fc-rn.il ^jJuLujJ IjUli 'iJ jl ^JLJ 4j^.LUl I 4jU-^JI 3 !$ *<3^1 dilj jx 

4 4j Lfl \ 11 3,J S<jU.^M ^y]r*x,\ 31 y\K,AjJI 3 LiSj 4j 4_^^il 


((Si^Unou j-L>^9 ^jxuJs tx^l^ Jl^-m (£3^ 3^ 3^ > Uj\c^ 

4^ja %11 Jjjfi 3 ° ilU-<xJI 3 ^° 4xjlx 4 -^.^oj 4jj)^ jiJs 4-jU.^lI 0 ->U ^5 

_5 

JX 4j ^UQ-OJ^J 

*d 1 \-n-rv v ,__^ 1 W 1 ( p^JjJI Jx l^fl fl n ^ 1 Jx 4j^ot 4,U>> iilUi> OjI^ 

M 

^j-LaJLj 4ilxi JLujJ Loaic 

oLU>)!l J£ *-«> j *<^e 

c c c. 

3 KI £i_L-4-qI 1 ^ 1*111 3 ^ga-luI UK^ c>° ^jJI 

>4 fl lie IciaIIj 3>UilJ 4 jj)X n2> 

^xjsI^JI ^JLxJI 3 *^ Uq 0 r> JU S^KJl 4-jjJg/n Ij-a 4i^lx U 

^£jJl ^^guuil 4 jjl£|j 4_j UJ tiJUk 3 I jl^ j^ioj 44jJI .J-Uij 'il UjaC dlUk 

" *t 

CajU U tJ£-S 4iil»l d!Ui> 3^ 4 4x1c 

4^^jlj 4^111 p^JoJI ^jl Caja diuill (J-uXj 4 4J!i^.Ai*jI Jx CjLiU.^jl 

4 x % v * U t^K ijuj ul^ auJI *_ 12 ^-^ jSj <ll)jU> 2 ^»Uj ^KJI ^Jlx 

q -v" 11 4 A LeX 4ohXii XljU Cj Lj^g j^KJ I /)U 4 in.flj 3-UiiL»^ 4 K-i^ll ^jJo 

^ ^KJI (^Uu^l jj^II 3 I J-c 414^51 1 * 3 ^^' 

C- P 

6jj^j tS^xLlrK in i 3 ). i_i| S^xLli L^jc. JLaj 4jJ^I S^xUd 3LU ^jjjJ 4-Sl 

Uaj)^.iLn 3 >—mlj 3 I 3^°^^ 3° 3 4ij^JoJI 

>4jjl5I 3 U 

p ^ 

4^jaI 4 11 AJ 4j^^J 1 ^ Li 4 J5 i I 6 Jj^ ^1j^5 

3\jqJJI 4,1x111 3-° 4^ iii\ll 6JX 3j ^3^-1J>U11 3^XulJI 4j^),ri7i.,l 

4_iUJI Jlxixoil iloj^Uvl \ J'^U. ^LLI p4jjjjxj 3j-f-l^ 2L ll 
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/wQ (J^ /yQ 4-0 jLflJ l oLjajaiJI 


CaSLuJI 


a>3* 


cajL> 3[ ^LaJI 3J. * flLua^JI fcL^I 3 4^Ljl!iJI 4-uj J_*J1 J,\^ \ 


4_l2^Lj <_£ Lxi5LlI 31 4^ ~\ m i 


l_i_u 


^1 j>-*^ c5^J' 33L*^ 6 


• 33*4j NLa ^0 3^ (S ^ j-£ < 4-jj-^-ill «- I I Jl^.,^ 1 3^-*^ I 


Lfl-i3 4_jj^HJ1 3-° 4^. 


jh » 


dLtl 3^0 jli wi-i^Lj 


l^i U 


X^.<\ m 


3 J ^1 4_>^»z^jJ I 4_1Lv 3 La^ LqLc3 <^gj 333 "* L 5 ^ 

%» t* 

o^ c5^ uj^ Ob^' J*^ 6 ^ C 5-*- 0 u^j ^ ^b ubb^ 

«% 

£ 

(^1 A. Jjfcj LlA V^ J) > *^3 3 jJ ^iJI 4jUJj (^jJI Lull I J wLaJluJ 

*» * ’ * ** * — ••* 

. JjLLiII cj^La* 3-^ 4JU> 

313 ^ 3 *3^ * 4-uljJI 4-m J 1 II ^ 1^> aj *4juLi S^o ^Lg-^JI 3 3^!3 

6 JA 3^1 3*^*3 <dil^xll 3 4yp» vVjmll 1*1 lVs 4-Jj-Li £tj 1 jnl) J^L, J^C 
J^ ^ 3 ^ 31II 3 -° 0 LS 3 J 3 AJI .oj 1 ^ ^ I 3 Ll-m 33 *^ il 4JjJ^JI 


U£ JJ^IL CjIa^j yjj a in % I £ti1^\jjJI 6 JA 3^-^ 3 I 6 1I 3 4-luJ* II 

uIjjj 3 AJ 1 ^4-S-Ljlo 4_J^iiJI ^tjl^dLill CijI^ LoJU£. 3^3 .< 3 ^ HI 3 3 ^ 

LUj3 4,1j u\j 3L\ A ( 3 A 0 J 3 4 £j\\oT \11 4-j^a 3 iJU 3 Lg5* 4-ujLuJI 3| 

6 j^ o' ^ 6 ^' J ‘ 6 j^o-®-" oh^- 1 ! cj?' o^ 

6 dA 3 4x.^3' j( j IgiTi LlAj mflj 4Ja-^JJI 3 3 ^j^' Jj-ilxj 

<U^IQ r> 4 _Jj-LJI ^tjl^vxJI Cul^ lj[ Lo 3 ^ ( 5 Js 3 J^^^ clh° (J 4Jj -^ fl ^4 -j^^jJI 

jK"\W 3 I 3 ^.a 1 1 3 ^ . 3 ^^^" J-xj “ill^ 4 -SJjLq jl 

L^-lA ^ycu 4-i^y^J ^g^?k \ in Ja j^S_i 3 j <3 ^-<lJl J 33^3^^ 


A.till jLua^I 4_i^yA-j 3,3 LLc 3 ^^°^^ J^Li- jl ^iAj 33 ^> 5 ^^ 


a \lr\~\ un (_ 5 J.II Lc 6 ^ ^ 3^ 4 A kVi 3 ^-^ ^ 4 J 4jjulj P^Ju 3 LlA 6 JA 

oft' LjjLi^I Jx. j^Ia-> J5^!l Jxi ajvIj u>l^i ‘(^LII ^ <d^5 

.oLuUJI pI>^1 

«4J ^\ > a ‘iJ ^jjljJ) ^jl 4 fl xfl.~v (j 4_l_»jJa 5jrt_flJj LlLo 4i.i U ^LflJI 


t^JsLaJ! (^ L^_» (J-^. JJA\ 4_fl_j^jJcaJl t«d 'J ^_^-aLUj 


YVY 



Zri Lri~y 1 j ol xAfllyJI 
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J^uAJ j-L^ :Yo —^ (J^-tL 



ijl "v 11^ ^\ y*> jll 1 JlA jaLjuII jl r>vAJ j 1 ^-Tl^u^j 


4^lJ 




— «^^j^jL1I 4JjlAj IjLqjC. (J^-flJI 3 J-*j L^-1 (^>aj-J)) 4j 1 aCj 4_lL^2> 

3 L^l 4 ^cvKJ1 Lo) no <jl 

•* «k 

.(V^A 4 l ,^.,fl-i^r> jA>i) .((4»ilc J^JI^ JIJ^JI 

p 

jC-IjjLujlJI ^$k 11 Slfl la * * lj* ^ S ^fl 1 \ 1J .1 £_fl J-H (^Sa (^\ 

t p 

dlJj ^jl <4 ju1j^JI SjLLI £-<& /j^LoIjljlj^ tt_j^-uLiJI &3^ u^36 

p 

L*J 1 3 ^5-^-11 LuLx^- 3 ^ (_ 5 1 LgJ 4* x &<nU o^| La 

uIauii^ UJ^J tfjjSIll fJUJl J ^ JS u^Jj .^Ul 

UjLie 1 £_xJ^3-<-lu ^ pLljjuI ULal^ 4-iIc. Jlki La ij^-fl jrA^iLl 


cJlXj LqjlS 1 fl juYv\jlu Lojj *La 4^j^_Li_i J^£L> <jl LujJ ^1,, !Uilj 

Jii jji oLpL^.1 J-c. tJ l^ (jl Jj ^ J£ j| 

((S^jLldl 4-i-fll^JLl JLa-fll 

y±x>^ iljLgJI 4All Sj-5-flJI ^ ^J-u^-J LfolJrA <, j^c. j-hj (J-i-^lj 

‘(u^b ^Lo^l g,.Anlu J^flUl Cjjj&y 4uj^j 


TTY 






jLlL^I ^JllA J£5k pJLxJl J^u^J ^jQJ — ^ J< LU 

^jJl IjLq ^JjJI <j^ Jxl3uil 1 ^ 

M W •* 

J-l^I Jx iILLjjulLLI £J3^jJ1 ^ 5 > 


jLsXj^I IpJjj .li£jUu3j Uulj 6jli-o 6^jlJ L)3^ 11 u^ jLjlxI cii 

a-* Jjlj ^Ji ^j^JI JJla3j Oo> 
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iLauJI 6 JxLiiiil JjU5 


Ll^l 


l^jL^iu-o uLsIj 1x& 

4-aCLxao^I 1 4-Xi3JI OLj^_i d U, ^Nl A %j <(.4 j>jIX i Xi-a Q l ^jn \ 1 

IjU ja-j^JI jL^lj^I jiLj Lgjj *j^_i^JI jL^xj^I ^gj-ix i4aj_^J! 


Cy* j jH^j ul* <w>!>ud Jx jLj 


. ((Xi^jJl Jx ^^^3)) ^ja-vS^ 11 JL5 Lajx. 4ix 


£L 


|^11^ jl ^ 31 XXXX\ i .i5 >J^L1a 1I ^Jlx ^ 1 


3j ^5 <4j3x j 4u-xtjrLfll <_jjL^ 3 Jx v » * j^3 La J£ jl jft3,at i J^a 

^Lj jl ^ 'bLxi 43 pLuiU 4jjl! ^gl ^ia.Ij jl lVv jim c3li 

4ifl ifl> ^ya 4.31.1^1x11 ilj^l ^3>j ^X 4 ^LL^j La^ CjI j^uiG 

CjIjLia^^JI J£ £a-> ^ ntoTiU jL lL^! t jaSI lg ilc ^3,3 

CjLajlajLoj ijljj ci (Aspect) CjSLj-uuI 4j^^Jj *4j>.IjJLI 4-1.5-i ^ 1 Q l\ii I 


4_>l^c <j1 Jx J4 j Lixol (jgjJI a-L^L5JI ^IxjaJI j^j^ujjl I I ^^ill 

** 

>1 g AjuLtSj L^J JX L <-u- o Jj «Lsl9Ij)) o ^ mjl ^k£JI 






*CxjJaJI \ jaJLaJ j^iLiil ( ^xij-v"xll jU>jdl ^3 Lj 

£ja ^-o oLujLx5 <!l> j?k 11 ^jjL^lll ^jx \uWi <4 _l1ajJI RPR 4jj-^JS,1 

d \ a^\ 1 i LLi^u^ 1^ ( ^j-i ^ 4_l1^Jl 11 ^Jl iLg.j.1 n*Vj pb. * jjo^J I 

,4-Ajlll 4.„fl-l in-^JI J i-J^-ill Lo (JSL/gJ 4 ^_>Luj^o P jjuiJJ <_ A 1^5.^ 11^(1 

^SiL (Birkbeck) 5 jJ£ ^ (David Bohm) ^ *uilj ^j3 ^ 

4 iWlII EPR -v^l Sd_>Jj*. 4 a^luj (3 4-d^i-LI ^yuLx5 

^j-o obij3-ujJ! ^1 J% 11 (jA-XJ 1 g\SJ ^ c \ *\ 0 V 4\ x i) 

b-l*-fl (\*\ 11 4^jJij qI^ioj ujjbJi Jl^-I ^ lfl i^^^uLixJl JjiJ! 

N S "A i d \ jji j*Jxj ^3 bd I ^-£_aJI ^ J.5 j Jl £^ 6 J-& Jj-a 

^ j^ 3 j 3 ^ 3^>° i£ (_^jJ 1 pLj-uJl aJLc (John Bell) Jj 

M 

^Liab ^jL^lll &1l& ^-gL> ^IL>. j i-j-iA s—^^>iL!l CERN 

Lo£- 4-^-ual^ SjJLfl bjJ CJ* J^^H5 6^xH IdA J-lS 'iLxifi eii 

%* 

> ((i^jl.1^0 A a^l)> ^ (ijJ^^d.! ((^Jlxu)) ^yJJLi 

(AjJjJuU 4^j_xJI) ^UUjU 

4^>,i<n^ 1 (ijJjJL^ 4^^adl) lA * ili Cy* ^jLfl «b>JI 

«Oj>b» bj |*fc 11 ^)ji i 1^ &ja j L^JUlaI 

>\\\i 4d^>\\o i^i^> .> oLJLI .Physics ‘J^ ^ ■£ * 





4 lrv,a 


Jjl ^£b Liifc La^ <4 jjLj S^o 4-taAj 4 -^.^JLj l^j ^jl 3^-S (^A-O - * 4 _au-lll^ 

(_£jJ1 ^oi!l (< JiUul>> 3ij ((jJ^cl)) Jl 3 Ji^j ixl^ill 


a*—JL a-lu j^x_a fcU^I JJ-^j ^aJI L^j j^Jlj ^i-ll ^LL^^-L^JI JjLclj 


3 ^ 1 5^ iiM ^jl ^ \ Wi m n ^Lfl fJVj i a ^g>n,\la>Li » a Jl a > ijjLfl-LL»^ 


jl «J^£» 3 3 JL^-tl 3 " 9 ^"v \jcT\ ^a 


)) 


£^J>j EPR jj Jx* cj^Ljjaj 1 j-u LlI^I JjLq 3^ LLfi^ <( 

4-jjljiu'^l ilLJI 4olc c—t u^p 3 Jl^IjJI -Llaj^-a CjLj^jjj^JI 3° 


u- 0 £jjJI ^ J^- cjj'jJ' ^>*-^ u 3 ^iJ .Singlet 

JS J-lcxA^I X5 (jl ^1 ^ \ loll / < u vAj jJvCj ^ Q <^.l] L) jLuj^ 

p w % ^ if p 

3 i4-uu^ljt-o d>Li>L^jl 3 4j I ^.xa wn^yjl 

*<jS4, (i>^) (JJ^j (>> JS-J^ 

jSllil 4_x^u^c <Lox£ LgJ^ 4_j^L uxLo l a fl \ a JU ixJ^ill 4S[j^JI ^j\ Jj 


**GLq Lil£ Lqj\c II Lo^ lj-fl_u^ JI^La oLj^J^j^JI ^^ajJ> 1 (jl 

* i-X-O 4 . ^ i I l^l^xilj jxUI ijjJ^XJ J^flXJ lilA \~V 1^ \ii\ \ 3 ^-^ IaaJ 

iILjLs CjI a i (ixJ^-ill 4^j^Jl) jij /11 4-<xxfi O-fl^C- IjLfl 

^yu \0 ^ ^jl ^ i*S < 2)^3 a^ 11 Qja 4-a_lA 1 L 11 

^ ^UJI 3 4^u^J 5^^JI 

CjLaL^Jj^JI ( j 44JJJL> jl llxk 4jUj^!l ^j^Lj ^aJLc 3 CjI a \anII 3 °^-*^ 
4^j-^JI 3 ^* 3 ^-^^i5^l!iJ1 jLjuj^JI oIj^-a tj 4^^^k 11 4j*JjiJI 

Lg_xfl 3 3 ^^ I in"v ^lj^ \ ^iL>) 4.iK.lI 

iZj A ^ 

CjI g ^k7 \a j CiLj^iil 3 1 4^^aJI 

p p 

3° 3^^ (_^L> 4-tuuftj Cx^3^ ^ {j /nLx5 4 41 xx\5v> 

H * " “ ****** 

4^j-^JI :Lu£j A jlt\ \\ 4 /njj 0^3^ 4 ia^^- 53^ c>°L^ 


1 ^jjLxS ^ic r'^jl l ah'VA jx^JI ^JLc. 3 ^-^3^ (34 ^ .(LIa 


Bernard oLi^Lu^j 4 la 4 . 1.1 l^j 4-j^-^-xl liX^ \ i<n Qj 11 <3 ^jdI 

.V * jjjdl (jl£jj-al djiuliLu 4 ^ «n\ (3 jj) A ill ^Jl 4 _j^iiij)) JLLa 3 d Espagnat 

,lj^_^ ^_L^I [J l joliu 3^“ (_g J)~> ">» > o i-l^>. Li^iXJ J rJLi-O /^5kJ I J\j£ Jc^^kLjl «<liJj 
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Ijli Quantized ^ 1 ^q * Ji-o 


J-cl 6Jx*.l^ 4 jLt*.| J-C. J'«« dljli fcL^Gl ^1 (3 4_d^Jt-il 4^^JI 
ijJjJi-ll 4^j-^JI ^Lxij j i\— ^1 \ + ^x£L\ % j iji-ujl ^1 

dJliAj) N + 4 jL^.I J * jE 4 Z ^j)^> >0 Aio oLaL^Jj^ I ^ 

4^_^JI Jilj .(dDj£ 4 ^aTu jl LoLaj X® • JLoo^d 

?o' ^! lU^ -y-j^ii 6 ^' <i 

•* “ 


.^Sll «)) ^!lJ1 4 -a-lqJ 1 6j*o fcLiG^L! 4_Jj>Jtl t 4^jjaJI -jjjLlLI 


LIxuLlS <jl 4 ^HJIj *1 Q »11 c> 1 <^i^j ^jJI 


s'j 'j'j^ j-£ 


((jJucI)) 4 ^k\j 4 jI Lli^jJUojj 4 Z 6L^j^ 1 ^ 4.^j /n^k H 4_JjJJll 4^j^ 11 
Sj-a Z 6L^j^1I ^ 4^^^JI ^juLlEJ 6 l-2k..>^l G a o <y ^1 i*j 1 ^ 4^^^JI ^jjjLlS 
l .fl-i^.b (( ( J^cl)) 4P^£>Iu LlLSjJLa j-\JG 


ilL*. J-C. ici^L*. jE 4 v 1 \a\ jl" 4_sJ^jl.LI 4^GLo ^jjjLxE^ 4 InS Q O-flA' 


* i *? 


.tiiXL 


LO ‘ * **« 


^ L?^' ur^' 
•* -*■ 


{jCL&siu,,^ JI 4_JjjJk1 4^JI ^jxiIjE LjJ^L*. IjJ IjLa-fl 4 jl1c^ 


jiLa > 4n^H jjl jLilc^l ^ Ijli Si^yG-li^E a! 1 

_ p 

^jJI 44 _jJJ>JlJsI y Z 1 ^ ^ 4-i^l^xaC Ol^»j) A i \ ^o_j 4 ri .1 <n% o' 


t JUAuujJI 4^KJ| 4J>II 4^^^JI ^jjjL iJ 4_1 j 1 -v ^ ^1 ^yj^Jjgj 

%% M 

4^1 < 11 ^ 1 Ag t O ijjjill 4^JjaJl ^jl Jj 'J-fl 4 L-XA Lqj&Lj JaI IjI 

^ La^j^J 4_Jjji-ll 4 ^jj^JJ 4-i^l^uiuiJI CjL^»j)a7iJ 1 JjLi 4 _l1c^ 4Lo^_uaJLJ 

^ p 

CjLj^A ^ 0 lS «4-A^l^iALJtJI )) CjIa^ jl^C UXij 031 ^ o 1 ^ 

^ ji J ^ 4 a \ tt\*\ 11 ijJj^jL-ll 4 ^j^JI 

4 JULJ 4 lo < n I^J jA<JJ I ^ ia-u^j Cjl a \ a\^ II <jLi 4 ..i-L^^I EPR 

lA - 31 ^ 4plj-A «4 \^ vill 11 4 -jI^a'JJ 1 )> 6 jjfc ^LlAl)! ^/Gx-1 jE j 


L^ (1 / 2)ft ^_a> iJ>il 4»ixvLioSil SjL=k-^J1 .\JJj£ ^ft O^^ -1 ^ v ^illl 0^ ^ fl ~**»tajj 

fr 

(^A-» ^ -“ Sj-^J J ^ + ^\_J ^ + 6,-l.ryj » Jlj^fc-Li 4, ilx > Lo IjAj dlj ^u>jl 

»1 i i fri 1 _^_clla Llj s-jjl ~v i>J1 (3 a< 3 1 Lo ~v a 1 n 11^ ^2JI (1 / 2) ft aLj^ 

. Lxfls ( i/’ : >" t - u 


vrv 



4.1C»_fl ^jC. 


Ld>jlj£:| u-jjL^jJI ^ j \ i_4i^Jl 4-A^)iaJ ^ 

.4ajl^ju^> I 4-j^)-Lkj Jjl CjLu|j 4,^,\ ulII d vl^rsNl ll 6»1 a ^yuLiiLl 


j Ll^ I ij-A JaxJ ^Jql^JJI 6*1a 


jxi 

^jJl ^ * A Jj3^ 


i4 _>jLL! qIaA- m^JJ 4 jJ^jLU ^jjo oLi^\jiJI cjLLiilLajI 

^ ^LrkJI^l J*lrv"i d \ x^ l 4- n^li ,4-ujiL> Idxll 

^Lzwli^l iJjjLll Jjl lo£ LqLoj x /a\\ jl 

L^-jLj J-qjlI ^.u-^-iuJI SjliVifi tijjLLI uiiLcjL-ui^JL> ^l^dJI £ 


aLcI jJiiil 4icL>. ^_3uo ^LL^ilLi-ul I 4 J ^j4jjJ L5 lJI oLl^^-dJI ^k") 
4Cj^ Ark a ^o 4Cj^j-uTkA ^ua.uJI Sj Uo -1 ^1 jj. ju^ 3 . La^LliJ SjUalJI 

t4_l_iL*.L aj d)Ll£^-fiJI <4 _ijJJ tll (Jaa £ol^iJI ^o 

_/LC. P LS jJI ft \ 4_1jLa £"LajJIj ill nl^i el)Li_£JJ_4J ( 

^jUJI ellj^j^iJI (clLajJLi LfcJj&Lmj^jlj^lJI J'llik ^^clj ^j\ ^ tlVi /in 

d Q t 1 A11 | ^ft-1 A,JI £-jJ^!LuAJ L^i ^La^JI (J-A^k 1 


■ 1 "V "V 4 <H 


l^UJ£ Jx. ^jLaJI p^-u^JI 

e^Un.flTiI ^ a uu i_>L1^.5li 11)^1 <j-a £Lu^jl ,4 fllj-k a ^^-uxa-II 

L I jJ I 


J^L^kl ^_ljI LaJ£_J j* ^ 1 P Lilli e-JU^J ia-ll/iJ I ^1 tl j\ 

4a.vS,^ yUtuJ ^I SLliJI 


^ryxjJI 4^\-xdlrv2k a Ijjfc ^jLjj 44-j^jIj 4^jj*> LaLa^vC 


ij^jJi-jJI 4-5 j 3 Lu^jl cdJj |aIjjLS_xuI ,/>SL<xjj .^1 m \ 11 6 L^j 

Jj LlI 4^J jJ I CjLj ^Ixui 1 I _- 4 Q >i«l 1 P IU 4 LxJJ 4 lq^J I 

JJo j o' U^f lU^ 


^ p », 
j_i^j^j^j 4~4 juJ£. JILa 5jLa J'bLi. p44ik junJI 


jek.1 ^ L>5 \ /.itl ^ji j ^ 4 j) i_>l U»5" iiJ 




& C- 

.Lg IaC pLul L5r A^li ^5 Till jkjc jd^5 (^ j ^\ Sj-a CiU^Lai, 
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ill 


£ (Jjuq <LuliJi 6jLUJli £olj-\Io 4 ujJlX-o SjLLoj I 


£ * 


di-LA LoJjX. 4j)l 4-Lfl Lo-S j£^il P^gULlJI^ ilkulj 4 

<%% 

. p^-u^ (j-l-fl JkiJ! I ((^jLjxoLslj » 4_xk Slxul I SjLM o-* c l>i3-*.. k .. 5 


°£0 4_i^l^j «4jkl^1)) i^x a 1.1 4 Ajkfll 

^Llil ^ik^M Hill I^\ Juki ^kJI Cjlj^JjiLlU ?J^l ^vkiu util ^jl ^vIj £-0 

^ olj^Jji-lli 4-1^ 6 j^-lO_1I JlC plij^ /nil ° £ 0 1 g K Jkj 

liiLo-i Jjlkxll 1 jl& < 4 Q fi k ,o 4 jlo£J1 Sjj^JI Lol -^oj 

•% 

^ v-Jai UU Jll jNLk j^jjJJ Y.Q * <JU3ji 

5 t P 

Cid ]r\ \ ml ^1 i lik. 1 ^£->L> !j .OLaI uLoj 


4-l.uljJLj °£o 4j^|^j L^jLkiLajI <4 j^3_Lq Jjl-qJLj o^Lus \%W 

oljjiJI 6Jjfc JjSlI OuLU Lil IjLoi 4 ilcj < J^kSlI <^jk 


fl ,\ 4 lift, 


4->^1j)JI 1 ^J) ._ ik 3 V /nil £j 0 4^ajLS 4-1^ 1j) ^)_d kko 


■Lill >0 


tlik >1 u k5"\ mi l Ijjfc £-o ° £ 0 Ja ^ L^jLi 4°^* 4 ^jLD1 

.^gklll <3 La^ oLa jp^-Q-ll ^alij 

M ** 

CjlXj-pJ 1«^1 (1>^ 4p clA 3 ^jIxoLxia JjLl k5~i aia! LcJljX.^ 

tLa^Jus £-o ° £ 0 4 jjIj i CLia.zl,i ^JXoLxSil LaJli 1 mn 

J'^Lv ^\k.5Tx-<nH ^cu ^£-ij 


CiljljJjJI ll*_ubj j^Sn jS^j 

^Li-uj pLaj Ljj^S Lus^^>. U3^ 1 ^3 tLul5Ll!lxLQ ^1 X^ • * 4 \ ikt \) ilLkJI 

dLkJI CjLjI j) t^JI t ^ Jjl LjJ^j I n niftjJ (j^ ^k\l \ a fl \ m 


oL^LlxoJI J'Jk j^j^-uJI <3 4-)^xLto ^1 JL^ji 2-jJjII ^IjuloJI Lgjcxo 

^Ju LljLi ij^^jJl j\ \ x \\j ,^L-uj ^1 ^ 3 J is^iiJI 

^ *» 

LL>Ls 


4jjJa-ko Lilj^j CjI ik Q^ Louilcj c^ a\ 11 ^JfiljJI 4 x \.ik 

iJlr^A > a_> ^>uLl 5 i4^ll 4 Q 1*1-k 11 CaUj^II ,_A k5*\ nil ^UJlAj 1 tko 

,4i>LaJl CaLuI vfl 11 i J^ ,\lc. ^HJI oUj 1 >11 4aC^-Ju 

^-Q J^qLaHj V fl *EPR ( Jx. 4 ju^1j lk^ 

La^ CjJIjLq 4 1 iuku^jl 4-a^rk > \ll <4 jjLq CjI a v iii^v Aj CjLj^j^A 






° i 0 I j 1 a \ i/-\ \ \_s L> xnr, : £ — N • J^-tu 

•Jj^f Co* ^^iJI ol^-jll 


£j\ Q l~i ^k ^ lI Cj^ J)-fl goJu 5_i^; j 4 .j..LlC ^ I (J L^TlJ^ 

i!LlA iZj LvLojlJI 6Jj 5> Jlo Jj < J<L<lJI Ijfl 4 Qi^j oLLoC t v 11 \ 


p p 

jmQ \ (3 ' * t^5~ -in \ <jl U L*j| 


(j^La-o 


4_L^_L» 6j-3uj^ .LcL^-uxLfl-i Lqj& Lj^£-> Jjl jj ^! ^jUcJLLlu^I <jl 4 _i1ajJI 

LlU iLa^ua ^1 <_tl i-s£*1 jj\\ ^jjLlA ^jJLj LaAJ^L^o (jrO^^iJi dJ^j 

JLLu/^I c _j-0 j^Luj 6L^_jI ^1 <4- ^Ll^J P^UJ Ijjfcj j J Lr* 1 

2w vcj /jl <3 4>j^ a o 4-u^ji diLub dlld (Jjtftj /jl Jp^.jQ 


\J-fl-uji)) Jl ql <(jLcl» jl v^Uciilxul Ijl J-*-j Lo-i-fl 


— £-xuLxud ) 

s^.sn 


i .Aai i 




— <Gl ^ 1 a jj ^ fcLaJftl 

<4-ajjJsJI (_>u-a^J >=^n 

^I J^l 4 jLj^Ls ^jn.£LA i L\*iLi ^>-oj ^$LI 4-x.ll^j i .fl \*C > ^jl 4J 

J^iJ ( < ) ui^l 1.J m 1 .i fl *? ij^^l 1 I J-Ai fl, .> Lo^ I l3 

j^kSl ^Jj j-^lj USs (jj^-d 4j=b.jll dJIjJ lljli 

. <n Q t d 1 a 111 \\cl LcLaJ wLLXJ 

3 i_UI <> Oxu vl 6Ad> 4 jl>^jL1I 

CjIjjlu^Lj <3 ^LoJ-aJI 6 Ll1jI < JLc u^U ^jLLuaIjI 4 ^ <.uj 

O^ 5 6^ 6^lj 4iia-v ^1 ^^IlaJI ^jiJI 







Jt 



qI \ ]r\Q\ /mII ^Jii-A ia^Lj :C-\ * * < » 

,_aU voiinil LJj>i Iji I 4 J -0 <^1 Ait *-0 Cy* jy*~* 




^uLlSJ 4_LuUJJ ill ^ ^ <4oJU&J iiJ^J ^)lLijJi 

.JJLJ ^ ^ L-tlill JjL^JI l,A^ C)lj^3^i 


Jj jlj ^ 1 

^jxu^Lj OloL*. J\flO JlLc L ^J-11 fJlxJI <oi^^L^uuJ J^)Lj<j-uj£ 

jj) 441 UI 4 JLL 0 <3j .EPR iljlc oi\ixuAr> (j j£iJl ^ jry^JI L >iijjLuj 

dijji» ^ 1 ■» (3 ^-ftAi iiv^ (3^ «Lfl-iLuj < * 11 fl-io U j ^^ <3 

J_c. .klai.ll £_uij Oj^ <lj^-o 6 JJ^ <^3J1 ((^LfcixkJJ (juxsJl Cn-kkjH-flJI 
kkjjf oi Cjli^k-uiJj • j-*-^ lA* yu Llu^LI l 

*LJul iilLu* <^l :JjSll tij-iJjLajI 4 j^Lj 4^^! 

^1 ^c^sli j-ol 4al :^-jIPJIj ^1 L^LjlI^Luli pIj-oj 4j-x5Ij 

Ji 


<s 


1 


y I ^^uQ*J V J jl 4j^p £j\ jLibL u i ^ yA 

6J-k *«4 ilrJJ)) 4-aiiLu 4 jJ£, (S^ i * 3 ' 4x .^oj <j-o £ 

.pJtxU <<4_kl^JJ 4 ojl5I^JI» LUjJj ^uLuil iiSLlJI ol 
d *\ 1 1 d < J^J v ixUj ifJUll 4 jJl51j 4_lL^- 0 4jJ)^) yA (J_> ^Ljo^I I, 
4j^llll olp^II IajI <-&^JU ^ (J^ CJ 1 


I q V^y ^ 1 «^>Q * La ^jxu-fiu ^1 x.jIcTun \ 4jLi iL^-uitLi 4 -aj-uj^JJ 4jJ4^j-^JJ 



i <LJjJLo 4^^* LgJ ola,v/n^ II *-jJ^Jlxuj \*\— \ * 

•% 

p ^ P •. P 

(3 ^ ^.ul^liUl JL^-aJJ 4_sjl^o Lol t Jjl 4 ^ v'V i<o jljcl 

4^ k/~\ jljxl 4-xl^iJLI 4^=JI C;)j Jjlxu.ui^. II Lol x H oUJTill 

. JLJJ Jx 4-jJ^a£. A^J ^)l Jx* L^Xil OjjLLfl 


(Jaauj ojx (3 4_jI j^^ jq a <X, Y, Z 4 j^IL)I Jx Uiiy IjI^j 

X ijJ^-ill 4 ^ja11 N — 4 x \ a & J/^ > 4-jLs X 4jJ^JlII 4^11 N + \ \4 

( j^uLiij 4j a i.tj lj^ cJ^>3 >lj*\ j <4jLkfl^>J 

<j1 Jj 'i! 4j2u^JnJI OJ^jj i4ij-fl^J (Ijcq (j-uu^l (3^>-9 ^ jl) Y 4aJ^JLo 


Y, <j£AL^j*iLI 4^^-aJI Q Lcn^l *,a Jx ^ja 

•£j3 J^ L*-* X 

*2 ** p p 

LluLlS ^0-4-oljJ iSjlL) 41) (JJJLlI jxl Ijfl fl ilj-iil 4 jl2*L> ^J-O 

cit Jl aaa.ii)I j < JjL>aj o/dl >lojl jvVLi 4aJ3-*-ll 4£lJ.^i.1 Lulj-£x 


<4-Lx ^jSLcu Ijaj j^i (3 Ifl /nflj ^jx>Ll5 ^xjLxjj 

lull 4.C<lj_iil Qj% i^ 2 L 2 vLfiJI CjLq^ ixil OJA 

«p% ^ 

J ^J3-*3' oS 

4JIJL0 3 4^1aj ^1 3^ jl^l L03 <XY, XZ, YZ 

4xuSl^JI liLflj 4 -jLa OJA <JlLo 4-j^^Ji Cu^^.1 Ijl 4j| AIjuj 


ULi ~ > "v \ I 


LgJj 4^* I 4 J ^1 £\ 3 yl\ j^c ^li ^UH SjULI 


^1 gljj^U JZLII ^j >A^ ll (JJal UjIj ojh^* ob ^ ^ (^ ^ ) 
.(X + Z + + Y + Z + ) <J>il S^Jj l^K XZ, YZ oLLi L^i 


oLujjLlS Ijl 4ll S^fu!iLx-o oLLxi^JI 3 

4_Jj)_i-ll JjLfl 4 ^Ij-q \ 3 X 4_JJ>JLq 4^jx* 4J Jjl jULo 


<> gSlIijl jftij .X + Y"Z“ jl X+YZ+ U Jj ^ ^ 

^Jl 1*^ Itl^-XQ (3 .£-L*L^ll 4->J-L^l (J-C* ^ *1 ^ 41^ wn > 4 h^Ljj 

Ij L^_i Li ^,ix <^1 J5vv Lg-> J-c LauJ l ^-j I j \^ 3 4 4 Vi A L> jJ 1 jx. IIj^aJ I ‘_4T\-^ \ 

f, p p. p p 

jjc ^ J51 «jp^l» X + Y + 2;ljjl jj£- jjl 


X+Z + <Y + Z 




if JUJJ iixsyI ijj^L c^jL J^&l j L ^ Jl oLLu^JI C^J 

Si I^Llllo JLC)) 4j1c jllaj <(J^^I» 3ljl mil ^JLC 4 jl1c, ^Jiull gt ll~w^ ili 

^JL*JL1 <uLJJ 4jjl 5I^JI JjLi aJuk Jj Sl^Luxo ^jlc Ij!^ 4 ((Jj 

wile, S^-o ^1 4 ^ lA n 1 1 J^Jbj 4 4-C. jlx*. 


jlA^UI 

4*jJ 3-*-U 4^^aJI ^xjLU ^LlL^.^1 I ^1 J^j-ojI J^-o-LI 4j>! ^jja 


f- <r 


^ ^JLuaS jjl jl L*5 VJ J IV 5jL ^ ur^J ‘Aj L ■i.4JLXQ Spli5L> 


cJljLo Lg-il *-o (3 iJfl 4**1 ^JLlI vLj^^ g.eJI L^qj ml ( ^uLl5J 

^j pj) iA 11 icdljXfcHj ^5 4 ollI 4Jl^ 0 ^J •4-xjl-lo 

VjV ^ VbjV 1 ‘4>J^I J>fV b- 1 <-U^“ 


• ^j^J^-ClLI <ULJJ Lq J 1 4 AIJ ^LJLlI^ J^O-ui. 

^ C P 

* * •*- , v|| 

xvx^aj jl 


u 


L> 


(^Yll 51jLui/i pljl n^l 1^» o Jjl ^-«_9 


^jjl Ji-»-^JI jt Xa^l ^jl 4_)I i.11 ^ ^ II ^jja 4jli <CjLjI c-»l Uq~whI CjLujLi^ 
aj>l! oLajL^i tJa-fl.lL> 4-xfl J 4 S 111 1 J>5 4-l’%rr> 


.*11“ 




ijjjJI p£. j 3 IjJj t Jj SljLu^s ^J£. 2^^* LT^*f ‘Osbb-^ 

.(JUU iV 1 



oIAjp 


SljLuiA ^JJlI jUlJ Jjl (1)^? 

4^I £JOJj <cdJj ^ ^ V"\ 4lxu LojUjIL) 4j^^jJI ill ( Ji£Lld 

43LLa olJ oLj<4jlLu 3*JI 4joifcjJI 4 jjaHI 1 jrv-i^ J^Iu 


AdiA) 1 a \\r_j (Ji v 'I olj J I j*- ^ 1J JC i fl J-& J-C. 4 j/i fl'N 

’ ** * ** ** * •« "* 

— y\ u>jj^ j-a *jj sijj ii^iSji 


^SLIj .4-J^-i-ll 1 ^a uIjj^ ^jjjLl 5 ij ijjl^Oj^l 4 JL 2 JI J'bLi- ^-c 


djlj ^-oJl ^ i—fll iu^ 11 3^ iiu ^9 cjLml lS.11 iilli > ^LlSJI 4j^juuo 

oLluIjlSJI La vVc_ jJI I 3 ^ILaU t l^S a 

<ji 03^ 4-aIjJlLI oLj^-a m s <jl 

a* fJLail 4 iLJJ 4 jj*JbIjJI ^Jj^JI U^-f* 4j *<u^Cl!I 4_j^)_^iJI gcjLlj 
4 judL^j 3^ SljLui* ^UjlJ Cu^^l jJ5^ 

4j|jj £43 ^ VY 4-l jlu 3Jj L^j^jLj ^^3 3 ^^ ^.1 J-^j-luLi j 

* 

gtjLli cxil^ oIjLu-2^^1 (^y* Jj-q 4a-uj CpU^-^.1 ^ Vo 4JLuj 

M ^ p 

4 \l^kll ^ji >0 Lllj^.uJ 1 Oj 1£ Lafr.oj i^j SljLtxua ^ui£- L^l-o 4 jujI 

Jjl 4-u£>La*j 4^JI l^Ukjl^Juo 4^1^il £*^>Lua Ijj& ^Li * *■—*^A3^3-^ 

2^tnJI 


* *» 

J III 


S^all 4.^ i4i,Vll 3^9 3 4-flJlLk-Q oLilij O-a 

^I 1 xu 1 l^JI ^q ^_>Lj oLj 6ulul^ tC jLj jiJL 4 M u^LkJI 

SjLl^-II 4 JLJI 3| ^)^_JJI p 4 K/nlL^HjL!i| ^ii.11 


lj^jr^J| ^Aiiuj 4J 1 4 JL 2 JI 3i S^HLI 4 JUJI Sj*.i5lioJI 


* *r — 


^jIaj 5iia.^Jl <* t ♦ 0 1^Jl pIxjIu'^JIj <iL^ia Sji j^j OL^Jkl £-Jjjl J-C. J is \^ \ LljLi L1 a * 

^■A.r^Jiiiii /j_ij^tuiJI I y^jlj ij’iLaj (_|j i4_to ; xflLJ L* J-t jJ^j lAjLujLk5 L$_i ^lJ 1 4_Cu 

.Sjliil ilLaJI J1 CiljjJi d-l^LLuja ‘j3^ ^} % ^ 5 -^ ^JLaC.1 <Lu»^j Sljl 

lHj^.Tk?lJ ^ fl.lo 1 _LljJjl Sjlill 4 JLJL ^j^aJu> IAj'J dJ^LUjJI 6JA aJajuuj 

»■ ' M " ' 

^jIaDI jj ^ ^-^ij ^-^Jo <_>Lx£» 1 (3 ~ tL~iC Lijlc-l i5j 3 ^^***> - 5 ^ 

9- P P _ 

^ li * 1 j >CjL^u l ifl II ^jl SjL^I ^j-j| 

3~£- ^ J aI V^"l ^.1 t I Jj [\r\ \*A Ljioll 4 &J 1 <nll jLi^'JI ^J)(3 0 A LoLoj 3^ ^ J .L^_mjJ_J golllJl 4_J^v2k_lU 

* j sj J JJ? , ^ t ~ * Lax Jj Lj-i ^_j_L 2 kJ 1 (jLfl — 4_i^11 *A£.lj)_flJlj ji_>J)Jl ^Ij-iil JULI (Ji-Lxu 

l V.CT- )j| ^3 ^ -w~> jjlL 4 _l1jlj LciC jJIj a.iU f do ..iNl all i Loj^ .4xk.lxJll Cj ^ J Li 

^>k! p^i Nj ‘4. x lr. ^i^v-w t Lx yt al^j Lx : ^a> j^j jL^->| j_jLj ^ ^> 1^ «d ^> H 4 oLlIxh 





ilUJI J! JliiyJI £ SjlSj Jil iiU JJ Jliiyil -jj! :c 5 lU. J u> 

UjLii.1 Ja-ljil ijj -Ja-lj jjjji J£ jj 

•* " W * 

oLilJ^Siixi»L> ?kT>LllI j ujl^llI 6 (3 

jIjlC ^1 iia< mLj J*Uu JSJu <LajLoJI CjL>JJ jflJl JjJlIcj iiJsuilyLo 


1 tv a" /it*^ | I <7i^a i .&,1 ^ j_osjlI O L»j->j-flJ I 


CjLujLx^ jJjLl CjI UXLXAxU l a »s\\\ /\ 3 vio iJI fuli 

(J 4,a j jjJ 1 ol^jJj-fl-ll C-ul^ »|Pj-loj-U IJA) JLc 4 -ajjju inA 


4_ulj 6j-aj 4 < 2 xJ/^-tJ j jJ^Ojjj ^yl)^ 4 •% i u LoU. 4 jl^iI i^jjLtv ill 


Ijj 4 j 1 h A < vJi 4 -jjIjJLj 4 Irk k t jus Lj£j ^jl j_ij_flJ f Jj 

L$ J I J^i 47 xij,.vI) (jLi dJj (w j-uLx 5 c 4 jLa. 


Cx>l£ (Jj Sljl./na ^Jxl {jj'iil 4 -*^lxoJI oljLiI^^I 


5ljLa.ua 
at* 4_ikj 


iJijbiLuxiLaj 4 l^k.aj 4JL5_a 3 pl^L>.( \ ux Q j£j JJ3j 4^fUI 1*C.ul^La 4-^ Iju^o 3 

M t 4 * 

jJLu La!£ (juaJj 4 jjJclj 4-^ii^va 3 ^£jj 5I J-dj l«iA <jl JlC ^jl^j-al 

Jj^pj-fl)) L^jI j^i 4 ,aaLuoU oLijJL-uoJlj £j\ jLil^^l G JJb 4 A i uln I j 4 4_Lfcj Jj'il 


J-C (jlfcj^JI jUJjJ (J! Jj^xu 4 j j^JS I /k,\ a 4/^j 3 *La A 6 Cj Ijiu5s 

* * * « * ** ^ 

J JjT t 4j j a ^ !I 4^U 4^». ... JoIjj j'iH 

I CjIjI-IJaI 4.UAJU0A 3 jL^. t.,lcuj lj4 L-U-Lxm 


SljLuxa jC. «ll ^ 1 Cj I j Li 1 <jL& ulilj ^j-o jj^Stlj 4 4 JL 1 a.iu 


<(.^Jl l5L,.u>l^xa CjLlIj La^ J^u^cJIj L^x^jLu LuO-il (Jj 4Jai ft 

i 

4 Cj I j LlL=^^ I ^jja U^ 1 ^L^Iasu-4-u uoua Jjuaj 

j-a^l <_jJlcu j5j 4 OI j 1 I ^ 3 4_LfiLi C)lj-i3 {g\ Qa<uq ^Illl 

4_ls Lgj jAhj 3 ^ ^ (3 % Swi^-Luuo jLl^^l tlj-zwl j3 ^1 


L^L iLfljlj Ua^ljH ^jJI 4((oliUi<LH ^O)) 6 jLuj[ ^1 

M M ^ 

j p ^ fr 

vll^lu J0^s3 jiAll icjMj ^j-a ic^%iu Jiiaj 

pL^ii ^JL^)) u-ij-AJ CjLjjjjAJI IajIjUI ^La-Jj jl .SijLmil 

ulltJ ^jl 4 La>J 1 m s^i uicl Jl 5 ^.a ^jj ^1 «LajJjj 





LgjJLg Cj I j j.(3CjJJcI Ijl pj^loJI Jjg £ ju;I C>IjLuj| J[ 4j^.laJ1 JjJ 




(r^1 ,\Ls 4 jJL^ 




>jjj iolc. 4 j^jo ill J CjJojj 


(3 ilj^2-!t 4.LL1 yLlAS <rf^Tv 1 Jj SljLi.no ^ J-sJ <4 


cil3 




* ♦ 


l$u Cuj^-1 ^SJI 4-S-jjl^Jl t LfejLuj-o (3 oLj jj jill jj^2 


iLulo (3 Jj^uj La j\a i j£ Aj 

3e> ii^' ^ 

•* ** 

jJI cjLjj-IolaJ 1 (3 cjjiuJI ^tffcT,! j^fc.1 jujl 


Jjl^Ji j^iJl 


.N<\AY iUu 4ikll 


^J\-QJjaJLaJLO Jl.flJlj SIjLi.ll I ^JuC ol j\ M"vl 4ilijj Cj^LjlxajI 


1 


Sljl.mll ^JjtJ lll^iSl dlluA jl IjJ-tkj Jj5j < 4.vLaC 4^2li CjLjjjj-A 


P JjLrJI JjO jJL> ^lliuQ ^1 j3JLuj! ii j^aU ^ a uj xrk2 JooASjJ 

<<_ iLkSS I (3^ ^Ufcjl (3 pL*-iJI oUjI j\A *2 O-jJ <jLL! 

«• ** " 

1 Afl*iO J^ >,flk Jl^-JJJ ii-j[ Wl5H,<n^ll JjO LflJjLT^O LaL^SI 1 AflkO jJ_LCUj 


'j-uaJI ^Lxxu oU^l yOJLj JSLajj 4u oLjjjjiJJ 


•» a, 

6jIiC 


2 4.k *>« l 


X > 




4-uIj jjLj Y * 6jJJ& Lioj jj.n2.nu Jjjj-flJI j| viu^j tiuljuiC 4u-a> SjIuju| 

<4.mfl j Uu£JI J[ Jjl£uJ i.jaOJI culfl Jl L^JLq J jj ^jJI SjjJ! cjQV i J 

•• 

jl ijJ^jJI <^ju2jJ JC CjLoJ 1,H,„o 1J l gTlimculJJ j5l Ai 4_fLjki jl Jj*.JJ 'ilj 

^LuLUl iy* (J\ ^ ^ *y>- J[ oljx^lll (> 




JiHS 


,p jjuqJI Jjo ^jvul Ji2-u jjjll IjA jl^ lj| 


SdJj ^Ixj IjLo 




iLujSu iob jjjAjJI 


Luljmr PjjuTI 11 ^IjUm Jkj jSv-) ^J jJ 

LkrJIj (iLu^iko 4S vjl^v^ CjLj j-jj-flJl ^Ijuj j Jj£J jJLu Lgul ,ULcu 

«% 

'il 4^*2 LjJI oLj j2jil1 /k JSfc.3l,.o jl jA .OjjU J I"vjJI ^ ClJ1 
(jL JjLsJ (jl J e\~\ ^.1 i ^ya JljLaj JjLa. 6 pLq£JI 4_ijJlLo nkft’i oLflLui^JI 



4 U 2>^ C L-k. Jl 


^ J-*J £-iix^A J-5 ^-flljjl ^j\ 3 Jj SljLoi-0 a«oi2 yill oU^jiil 

j 0-1 jiio ,j it-ui at 


^1 A V i^\j |j| -1^5 0 SljLuil 

^ P 1 

JdzJI Ijj& I 3 \w\ 4llj loft^-s-ll j\c- &jjb jLi^ ^aai^a 

4lxu j'bLJll jLxl Ja 5 wnl JjA^i ^aLaa Jjij i^yjLJI 4 -o5 Ja-oa 


Ca Ij^iVi j£Ja Ja jLlL^. 1 (jl (J J^-<jua J^-l dliSu> S^IiLlc \ *\ \ Y 
1 Q \5 ^aJ I 4 JaAa^I 4a^>^aJI 6Jjb ^JlaLaa £J»ljJI (Jj 11 4 a^J1a 

4jL>Llu CjIjLaI^I ^1 (j^j 4 a>>jJa SljLuIl ^ JlC ^A^Llj <^Ia^I fcijb 4 ,m5*i i 


:cjL1^Llxllj j JLS l.^^g .^Jl i^v vM< \^ cjI^ajj ^q Ija jm>. J^^ua aTi^ 

J-^ 6f^^e' 6^ d£d' t> 6^ 1^=* Ljd' o!» 

2j I ... 4a jp~v Lb j\ j>j 2) ^ 4-lAfiLj (J 4 jlaa-LJ 1 4xi^^-fl-Q ^a*a 

4„AAJtl1 ^ Aibliil J£L\ {jA (jSll J l-iX-fl-A^! 1 jlJC 2jJ. ^UL J^ij 

^«.dLij-Lfidl 4 _-gL*JI 

aILjjj JLojjI^ Jx SjjiJI 4 _lj1^q^ ^ J^ol iSjL ^1 idJlAb <2)1 li^ a* a ^3 

* M u 

oLq^JjcLI Jill J^jijua J*ol ^I dUlib (^uaJ^ tf-All 4 Xj^jj ^jiu 4x^xu 

** 

«wAA ALU <dO^ iili J^- J^A^J d 1 V^UJ) cJLub 41^ i d Q ^_Lvl l 6 Jl^J 5 Jlflll 

4 ixi)LmI 4 .a.iii LlaI <4 iLotII 6Jjb 4 a^ <Jjlaa-x.ua 

** y t m «... ^ ^ 


^9J utxu LgJ ^lJI oljAi!l Jx. -LtSc ^ ilVi t (^Ul yGllil 

*■' *» M “ 

^JLdl J! ujj^I ‘ujj^I/ 



o* 2lJj 

IjAJLA 1 1 '^3 2/^ Ll^ Jiljj 2 j I <llV\ A \^ . ij J I 4JUJ1 ^yC I 


6lxil <J jjLUaj jdxo (jAa CjL ^ j-fl i^ljiJl (J 1 >0(j 1^31 > (2^ 

Jj^.1 i^Uoilxol d\tf A dl^A /lU 4jlflj JaAjI LqAj^ 4 2^^' in^.ll J^ 

1^/uAJLA ^llJi v_flUU I (2^ J 1 31 .4 ^_Lfl l^yO JI^-^La ^ iOll^A^ill ^jAlcljLxu 

SjryclA ^U1 dJl 5jLi^l 2 ^ ^ ^1 <£A 3 ^LlaJI v lUrwnl j 


pi 31 mil (J Cjl /k \ 11 ixli-iXl 45>^)A>JI 3 1 4_A 1 L>S A m^!l J-ix'ill j\ X A 11 2)1 


. \ A* l io-i-o l iLUl .Physical Review Letters * 

yx i 4 ->. a io-i 1 j j .a ^ ^ 1 ilL.1 I ^g.n,r> II (j\ooLi jjjJI JljjJ t 


VIA 





La ^LqaIja qLaj^I*,a ^1 3 A ^~* ^ ^i!I 4 aaIjJL*JI oLLajJI 4 jxuj ^jJb 

" «« 

6l^)A j5 ££jJ1 I ^-lluJI £j£> i Q h^ a Ij-JlC. 3 '*» * jjjfc JifcLlil 1 6^ j\ju± 

** +m *4 

3 CjLajI*.a K ~^jy ^ 4a[ j !I <^U5~\mAII 4cjUI 4 aaJL*JJ 


3-> 33>JI 3 S oUjUIIj *^La 33 ^*-* ^jujukJ' 3- ua ^^ 

^JLftJl 3 IjaI J^ja ^1 Jj^ll 3 iAU ^^ cl)^ -A^ <3-ul^.JoJiJl 3 5 nuJI 

,C>Laj 1*1I nt^j 41 Wuj (_^l J^-^A 


^jjUJIIIj CJ^aLauI 4a^^A 3[ *S/u£ Sjj)i^> A 3^ ^ 3 ^ 


LvjLx^. 3 Lor. pJL*U 4 q h ^a Sj^juo jaSLjJL ^ uVi* 1 ^ tic 4_ft_>LtuJI 

4 K \"i^o La Cj-S^ 3 ^aJI ol auua II 3^ ^ 3^-\9 4aa^aJI 

3 ^.Llaj 3 a La 4jL>jJ^> J-LiA Jj^Ija 3 1 g ^a u 


3 LL> 






3^e j * “" j 6^ iiL^ill 3j <c sj^*\ cj^L^Ijj 

M " 

j\£* pi AJ nr> A-A CjaL^ L&j^jJa pi a t nt^k 1 pi ■* a^. \ 3^° 

4* 

^jJ! 3 ^JI 43 q pLs* (jjjJI 3 a£ II j 1 q vj 1 4 i^-^ 1 3^*3 i^LU 3 3 A 3 JI 

£-fl Ji> Lo ^qj 3 Caa pi a i^u^a* 3^ ^jj)^. v > i/n~v 3 OjIjJ-11 ^jl. . 43 ^jlj 

3a pJ>- 2* 3^n CjLa \ <11% JJS 4-LJ^^JI jIaJI 3 v-jjLSa 3 





L>* 


^ Uj^ ^ JX±jUJA ^ J 1 


Cjl aj Ii\y H (^1 L>*J (JAJ C &JUX j£Lj i ^3^ 3^ SjjJLj 4jfiLuxA Jx. 


^-a 3^.1 Jaj^ 4-ij 13 a a ^3Jlu La Cxflj 3 L^.\,a 3 j^ - \^ L 5 ^ 

LaLaa ^.LLaj 3 -° pJ^t* I * u^ 3 ^oj ^i*l.v /n^w. 3 ^I 3 ^ ^iJI oLqaxuj^JI 

4* <m I L-J-fl 3 ^ 3 jjaLL^aXI 30 ^aI JlLo 


3>-0^ 3^ Xlllc. 3I JjlAjJj oIa^LlaUAJ JILa 3ja jiiS JjL^A^ 

3 ^ U JaiLlJI 3 °LxaJI 3 I 3 p^i) J£a Jooa^a p^i) 3 ^-fl iL a^^a^ *3Jj 


— M *• 4* 

j 3 ^ 1 „\ a i 3 jJ 1 4-i-tu'bLfiJ 3- **' L 3 ^ Q 11 3 ^ c^jJI J^ 3^3 


,JaI^J .1 4KAJ KUi,A i I^aL> 3I ^3^Jlj 5 jj si^Jl 5 jj) j^\1 I 3aa 

«% 

3^a ^ L^J IaSJaua ^1 oLiM 3 a JaJjlU 4aaaa_^aJI 4^jsLa1Ij 

3a LojLluI 3^L> Lr lAid^ 3-° ^LLq ^.j 5 I 3I ^aLaa-luI ^ \ 1^ I j illife 3^-° I4J 





cl \a11 3 4 ^q jjgudI jUWI :diaJlj cL>3-*-flJJ iojLu^JI jxlliixll 

** 

<L$Ii1j 4^-JJ 3 ^,4.u"wJl i-ojliLci^ ^lill j^AdTt o II <xudUL 

icj^-u JxC 1^ ^ 3 4x£ w va* ( Jx. -LxsLxx £j(3 

fd a ilA» 11 ^j^aj olil Aii£l A^I IjJVj ^4 jxjLx 5^5 4jcfi^U ^jl 3[ 4 xiLj 


‘Uej 1 ^ lt 1 ^ 


^ILLxJI cijjj ^ > I 4^1kU ^-ijJl 4_Lo£ ^1 


<4 rt 15*1 /n A ioj)Jgi^. (3 4 ojIj 4CyuxJ cj^^JkJ 4 jI ((<_5^JUi )> ^1 ^,mx,.l.l £ ifl (J^3 


4-olj 4_»I^J (J -C 4JLi u^LflJI £xu^l Jl5^ S4xC^\xj <j^jL 53 icj*ju 4 i uuJlxg 

^b±xj ^3ljJ1 ^jxLjJS JxC 4x11 £xx^j jJI ^Ixa-LI ^jLj slflX- JjuO 

Jl 5 Lljl ^ <«4xilxll ^ j^.x .a 11)> Sjlc 4xlc 3lki (£jJI ^JC=*jll jLLa^l 4 jI 

^1^-fiJI (3 (J^3^ ixl^-i-Ll 4^J1j .QJ,1 ,*.vH o'jxxll JjlLxxa ^jStl ^ K.X1 

jMj jl 4 jlqJlaJI kJuxlxtl ^_yb JjJxJl 3 L&l^j ^xJI dLL Jxc J^^xi jt 

** •* 

(3 SjUI U..ij" a La *X3^ 3^ *SjjJI ^1 cLu^j2 

oLlaxxxx 3| dJj (jjjl *i3j) 3 jQJL ^ t—fli£ ^1 Uli JLxl X$ 

£jli <js>^ (3 j 4aj inx Lillie 3 ^ IjLi <5 jxo-q (j| 4-C^Lk 

f. f. £ 

jl t^>=^ 6^ ^ ^ U-l uj^e <lA® 

•T •* » 

(3 <n^w Owl^l^J \j\ 4 .muJLi 4$^^iJ L^xo^lio 

1\ < U" ,.il (3 ^ LoS ^IjJI jj) i^O-flJI Ia^J (3^-fl 


dj-S ilxj^ L^o SjLLI 


j Je^* o' 


4iij-Laj 


^-iUl Ija J^3^43 (S4 0 h i^a S4fl„uVa a! 4-Loix ^3ljJI jj)-uo.flJ1 ^jfiLJI 

f i* 

^^^Jl pLlfl Cuxo 4 xou 4jLaj^JLi Jxc LT^ 1 ^ iKc 

c^i (J^ ixsL>. IjLi - Jh* 111 1 •> fl-1 Lxlji^ ll vi^->J ^Jjjt II 4 tl-vli 4 xJl5I^JI 

<4ji_a Ji^ljj c^ 4JtaLu^1 jrjxSJl ^Ia.Q-^ 1 (3 Cxfij (^1 <3 

L&l^j ^jl ^jlru nij jixj 3^ 3 4^0-01^. ((e-fl^Jtxxu)) JjJjjufi 


pI.aIcj pLJLjJ 13^ 0 11 xiju^j 

** 




,^L\\ l£Lul5Li.a 3 113xtLujl \j*>\ 3^ 4xs I^Jjt^JLJ 4 j.v^ uVll 

3 ^ irfCv^JI /jl aViQ JjLlIa^ JLflJ SLb^xdlxj lILIj ^Jxj 3^ 

31 i^x^> > Leu ci^^JLjX^ 4xijpI^J I 3^4 ^-4> Lo i^OfllxkJI)) 4 jj^1 A 





JoaJI Ji-o i JL*xu£a.u dJj jJjj Jjfcjj ((ixA-St^JI d ilc. 

•Uoj < \ *\AY" djLxu 1.0.1,i 11^0 iJjLflJtjJ SJ ^jxjIj J-C ^jl I 

«% 

•* * * P 

i/'jni 4JCol^ ^ dLaic <jld Ci^Lkxtil jJOj>-fl ^toLlJ jvuO £OjLujI 4ju^cu 


c l V^ l JoLuj^ ^..fl j-h.ui ljo£lo ^ jiu ^oJI i^jjLz^JI dilo ^oIaj 

d Va/A" ^ 4a-LaJt Jl pLot>iaj juj^U CjlaJS Jj ^_U_q o ^ a£J | ^^ILmll JlC 


JjlQ SjucLJl 5JUJI 4.ufll J-C 4 j0 jJSlLo 4<_ja-ujl^=Jt S^UJLC JLls^I 


.S^Luj^L! J ft I mil 4oIj JX- Jj) IfTfc 4 O JL'V^ 4 /Alii J 1 jr\JI ^Jjlj 


LS^Ij uS'lill 


4_LAjlo Terry Clark 4-^j o j ^- ua 3 ui> i3^>® 

* « 

JLx. Jajlj uo^jLako cLu i<X.\AM±c~ da ^jUi r CJl 4o.vfl1^ ^uLi5 

ft ft 

- Jil jl CjljjJI j^j~'“ A J-C — djLO^Jl oLdiataJJ ^jLxJI ^yj 1 t5.ll 

,L^ik Jilil ^LiJI Sjfl ^.1 AAA lr\i£ <_o )Lo3 ((4jla£ vIjLuua)) pLju 


I jr\o£ j Lflo « 4o.a£ 

SjLo 4,.SLiw jA^Lluxj JpLflJI 4 .u^La. Jc ^fl*vixflo JuOjJUj 


d Ufl\ wiAC ^oLxlM t^Oj 4jrLo-Lld-aJ li Jl^a* LflJ tj \ jill 4i!)U 

ft 


Akl A UJlI \ f'yb ^0 pl^2*l S^fJLiC. (Jl 4 -ClUJI J-LxOO JIjlaa < 4ajjl£ 


(2) Li jo Ldjj^Jol ^jjl «4 fl,\* i^ll 4jjL^^jl» Jfl *1^E ^ 4 aLlllo J £^>il 

^qL Jxa3 i£j^au±sL>j^2* 4j^-L* Brian Jos6phson 


4j>J ld-a 4olJ aJLo 


til 1 m o 


J 4oooJsl CjL>.^q Jlo JajG JajuaJLII 4XoLd 

^HaIgi IojLo^(JL^q aI JaJL dculo ((L^oLqJU JfiiAOa)) JiJI 

** ' m 

4 5IaJI (jL^ ^5 IjJI Jj jljJI CjljjJj Ja£- jtaJLLq 

CjI^J jrLl ^jolxu^v __fll iiiffc ^Isi^Xujlo^ <3jjiu 4 la^ 4.aj i,u-rv i._QcLJ^.> 

CoIjryLi J JjjiJI <jjjljJI 

4-u^ 4 ^^Aoo j-o^I c)^ I jIaC^ t4 a 1^ II J 



aJq.Q til 


p^xi^JL g- j^.l a 1 1 jr\-i-ucJI ^JjJI Jjl c — L^j 1 aju y^a-LiA-aJ l 

♦ <tLo 4. i^L GUIjJ (Jj — 6 m ^ jJ| 4 x.j^jlLI 


^ * 


QJI Jh >^ *64 v-tl\ Clj'i!L^J 6^CuL xq 1- /nl 10 4 ) j^ ^ 1 1 p . V Q ^ 

jSUJI J^jUl iJU j Jij .iiLJLI ^ >T llu. du* 

J^jjj Jj^ill <^>=-> ^jiJI >?-jJ(1)^ -^-b i)jj^ J**j 

*• ** •» 


<4 x u ftj ^3 J^2kill c-Jji^JI ^jjj^jJ! 1*1* L^-UiiiJ < 45i^J I J£ J 

c-uL^Ji^ pj^iLi ^-*3 4 a i ^ n ^jjq j ^ 


jlch. .IaLTi i 


< P^xoJ! 


J^\ <6^Li!u^ll ^£jJ ^-Lu^j Lo JjlC. 


** * 


4_» 



4-flJ^Jajj < (( 4 Aj - i n .7). 1 1)) ^L J-c Jlpj 4 ,fl 1 "V 1 1 Jja J fl \"J ojjjJl 

Ml ** 

f, ^ 

1 J Xk“ tA j ^g (Jj SI^LllUG A ll , 1 o5>. AlJU 1 I '" I ^jA 4 > J ^" 1 1 a aa ' ti 


J (j '•> H (j-Q (jiiaifl — 4a^ m '+■ ^1 LiuuaLi 
c-iLxaLujI (J^_tu*iJl ^_yjaj ((jAi 


,Ll^l 


4. a . i tuy Jlo 0,11 4 u*i CjJIj Loj J\ a t.~ij_<.u ■ a.^*> j_Uo I I Jjlj Sj^iJLI «4-axujLaJ 1» 


•Sj^i 4-1 \ 5*1.01 > LiJaoJ^ UK 1 -Lfl> >_)j l A Ti ) j iSjjjLd 4 Wi( 




^5-ftJsxiil Jj j 1a"J L i 4Jslfljj oJj*^ J* fl IL> 


£. 

lj ) 1 a < u I (U 


LaS^ 4 jj^.jL^JI SjIj^U ^ ifl u-a ill 1 jjfc . ' 1 ~ .I | jLi t jliol *\ LgJjjb 

ir* JL^I J1 ^jJl 1 -jUJI t3 ^ J^> (J-a Ja ^Lfl 

4jljia-uj*^l ^^Lil^j a=>.l J-C Culll 
5jU)II JC 


O iJU-iXU d tP 

• w * — ^ 



aji 4a^ji iiuji j jy<m ijuji 

IJ-A (JIjLqj 4n^U JaC Cu Ja 

LlA cl*^4 4 -ajj^Lg 6jJ pIIj ^-ilalxuj tifljJLlI pljl ilj^U 4 wn\l l i 

JLu^j^I tile jliLl ^JbLuJI rnj t'^Lo Jl 


sH- f 






iaJ-fij-ll 4 ILa s \^ II > r i j ihI^aJI p, t-^^o j 5^3^-ll JpoI^JlII p _v^ tj) 

6^ dj^Ij jl L^J j^yU! icj^aJI 



^LJI j <^*11 i>0^ li >=>“^'j >=>*^ UJ^ 3 

(_jjajJ 5_/uiLJI CjUL ull j\jc. ^ L ^ 111 <4-ol_A 4j*i)j 

JS 

PLl.i 4-i-il^wO^ <^)*>^ ju^-uj 4jCqL=w <,_jjL^j SjlL Nlfl /i> 


j| SJL^. 3 j-laj ^1 ^o Lila^J < )jl ^Yt CjLjj^SLLI Lfl j 4_ij^j^JJ 

^ I J-& ^aou ^Jlx (3 Ciljj^il 


dUj ^U (hardware) jLuJI 3 >>ljJ 31 Lajilc)) 4 jI ^x.j-J 




■O.LI) 


J Ja-> 4Jxj-ll ^H^ulUiJ I Jjl^j 


lX4J 


«-Ue 


i'-vS o d 11*C Lxj_k aSk ^ mflt i is L^il 1 


4 v nuJL> 111 ^Jl I^ajI^xq 4lLo La*q JlXjI 4 \* ~y]1 3 oJljLo 

^z>> 1 ^ \ uii * JljLo i 4^,^j 1 oKl kJ' uXxj^I o3j),lo..d.l 


j 1 (j n I 4 i^fc. i/nll 4*xa£JI jdl^JiJI 6J-& J£J 6l\ i IjLo-fl j\C 


» ^ * 


f\$ S^jj ^Uaj l Jjh[ lfl \ ^ ^.OJ LojllX 4 ja^LI L^JIjJ £--G 

iijl^xll 3 4_LUAiU jJaljJI ^ 3^1 Jaxj 


4JL1J-JI CjI i* fll^Jl <jl 4 jL^[ 3 -u^fllj S^LUl 4 a-Lx Aja LcXX 4 JoLlu_u 

•* 


j (j^J <<wa^ cJ^JI j £L-oj 4p. <3 4_k5 jlj t( J -a lL" > *}! 


c- «• 


4 J.l A 31J1 4^1 UA .V<J \ > j^-luSL* ^jl j^l j> ^ 

.3J J-3ulII ^JI^JiJl j ^ ia & \ 13Loa^ 1 3 ^^ 4ojl5I^JI 4_»3w^ 3 4-lJ^ 


<L£jLlluq Cj 1J j) IrVi 1^ 4jLil=uaU ^j.i^a.fl.11 1 Jj2j ivl LaIaj j i\ \ A V dlw ^_>Lij *\ ^LjjLaJl 4^"ki^> ^ 

«j_uliuaM i4ifl >j^»h 4jju^^ 4 i »a*> tjj \jljo *3 (^xaL 

«L^-ilc. v_jfijiLxai -1 n /jj ,,L ^ O^-T*" 3 3 -la>A^ ^>t_uLflJ.I o J^> <u>\ <_xi-ml^^Jl 4-C.j^A.rk I Olj 

CjIj^-IsjJI GJ-4> Jjoo ^jl ~*a 1 ^jjgj <_>i-uj|^»JJ 4 jjLulJI ^jI^jJI 4-C.^A-wa ic^aj JaJLj j 

aJSaj I Cj)j^k>3JLfl — J^iilLuill 3 4gLc£- oLo)„lrk.7v.u>l LgJ i. 

-^Lo'ill JJ ilj Ls> 1 ^ 1 j 4_>L^\ Jjj I^qI jALLxul j^.Aj ^ j-fi^ JUlU o j. i % > cJj*^ 1 $ \c- 


• * 


ror 








tr * 


J/jco jL^il <j! JjLaI pJ 


(■ * 


^A\ 4.w*"iQ J-Ej 

L-JSufl I <jSll U^ 1 J <1 g /llfl.\ ^j£- KVl 4 ^ fl H £j! Jjlj 

jti^V^il ajjcJ l^o I J-u^flJI !j_& (J aIj 

* ^ *■* ** ** •* * 


* -5 


4il 


uj^j .^j^q ^1 Ija ^ \ q 4jI (^jJI H 1 ^ i > I^jjo yuuj-ij 3 

(3 yvS^nfljJ L> \ \ l,3t 4JU > ^j->jJI 1 (* *Afl <4 A j Ic^j I 

JljjJ! jLl^-jI {jC, C-lj-X-UJ 6 JuiJs <JlLc 


ja miG LqJj^-Ijj L^JiL j.Lcwilj S^jlz*. 4_»Jjj 4 _lLs^ I ^\ 


^Lau^l ^/.a^v.11 jOjjlAjJI ljj& O XAA ^jJI 4^xjj11 j \£. 4-a-udl^ v 

*» 

c- 

— ^JI^jlJI ^-q JjJjlJI J^p^j L^jI 

*L>j)7> ^ 1 fl y£J (LxLLxJ 4_ij!j* j^-c* 1 ■* * sIj l-uUj — jjc 

«* 

. Jj^LI 4 Jl£. 


<? a^'j il <>« 


(Hugh Everett) d^iuj. 3 SjjjlLLI ^JI^jlJI yuxuilJ oLZuj 

t^^^jLijtJI ^j^jqJI cj\ *1 Mil 3 yit \j~* 4 a a! -v * LlLxJI oLi-ul^) jJI <*_JL]c> 

J Jb a iijj-l-JI I^a^ILq 

** 

o* JjJjlJI ^q <Jj1 JjJI iSj^Liiil jlc 4 -a^^ju 4Jb^La 


JpjJjJI 4 ^J-ujlc ii-^.-t'li (^jJI C)3^ (^ d 4 A <2)^9 (J^ l 

p if t 

o' ^ '-W* -K L^AlJ (J Ijauj 4 JjJjJ! 6JjIb ijju^ •6^^J^jJJ 4 JLa*j^^ 




(_g^2*l LojAc 4Al ^ A, xji 4^^il 4_lljJ 4 ju l YlLI j^jl ^\_l*AJJ 4 I 


JI oAl 1 1 <o^A ^A_ll dl jA-A-Ij ^ 4ilJua 


(3 4jjajJI 


^ \jLTkJ 6j)J^^> l£ jj .IjlAj t> Ll A nt 1 1 fl * I \ \ 6jjJj (_gAJI iJjjJjuO 


^5 m ^SLlj M(^!jJI ^JLxJI)) l.\ ifl*A i^il 5 JIj 


jLlA-I J-U^j 


^LjjuSI^JI Ji^l jAAj t4-jjl iiiIa 4-L>^o JjIjJI 


^JLaJI jax. ^vTuAA <it jLlA.^1 j\ JjAAAA <jl LjJj . 4-jj^AIJ 4_ulgAJl ^tAlAlJI 

4^1! Jljj <> SJU Jl (JUJI J^ 

* 6 J-ft 1 /nil j\c JaIj aJLc ^ j 1 li i .AAll 4 -LiJlJI « 



OI 41 


>LsJLS)^J1 . LaI /TiA ill 


SOJSJI 


J^ J-c- isS^i y»J * 4 -**^j Jx. jixa uS-* <- 

«* 

jl^U ^3 ‘Oj^ 


=*■ 1 _^ diljjj P^£sJLi 



fcJ^Lo 


1 * • al^U CjSLAI^A ^>0 6 J fl * 11 


-U 


JaJLj a, Lib <-_ - It m fl )1 I ^j£> ^-L j 


L^Jj i ^ 1 1 1/> 11 1 ^ j, a £J>^ ^i-^j ls-* L? i^ pIj^JI 

J^ii f ^ij .UUN Jji^ t< ui s~ji ju IS^O diu , 


V P 

I va 1A 1 a <lAl 


A^.U 


L£i 


^j^-1 *a£J1 Cj^Lairwl 45v,w7i 4 -ulSI^J l jj)ln ^1 <LoLgJI 

' M b» 

<jl ^JLxli 4lLoJi)Lcu^O /nl LUCA 4 jlx2Lo ^/x. 4iuaii 4j^jxll iiWI 

6JJJUiil J^qI^pJuII j\ <uA3j Ojj^I u"^* j-^J > T ri<j 


^1 liiisi j^i >1 ^ci 


4JjA.IjA 1I 4^.^il iJljj ^jl (3 ^vxuiG \ 

mil JlC 4 -ojI-X ^1 iijJjJt oLuLflljJI 


LgAl^^.1 (3 <1 gA ^ 4->^g LaALq (JljjJI ^ i JI 

j .(^jliJI ((^ALiiJI pi iAfl-11)) jya L^-j 4 _u^LAJI 


6JlAI nil ! lAAl ^ A^JI inII jAc CjLujLx pl^-Sb-l^ 


4 ((^j-xSIjJ 1 )> lAllc c3 6l^A L \*y*> ^\<lai ^Ul iJjljJI a^.1 J 


w * « 


6' 


l.g.-i,^-3tj 4-Lj-JI gjLxjl^I^JI -Lzlj^j ^AJI Acul^^JI S j-&lAjLtlt ^ ^ Q \/) 



6<JJJtxLl aJIajJI 


p LiucJ \ j-lc 3 \ r> u^Jj ^txxuj^ 

5 v- 

^X J ^3JI L$J <j-oL3JI Ujjfrl <IIA J-C ii_) Jj 4-L. X -51 j (^^3-^3J 

_J-i^u3)) 431 ^^.i^A. 3 ^ 4 fl h .O 4u^ <(4jL=fcJ )> j JjuS^ 4 l5L J 1 fl 6Jjfrl mil 

J->0 «4^^-U illj jl \q\\ (3 


M 

^LQJiUJ) 




J^J 4^.^Jsl illj ^Ll^_jI p.K % > Loj_lc ^lau IjLo Jjl ._i* II 3-a 

6^3-Lx^^ Cjji-»| J3*jua ^^3 Loj3x IJfl ix>l ^jl-u^j j3 I *33^ 


la* 


^ k3^1l 4 Q \Q^k 11 41-^flJ 1 3 ^ 1 3a> 3| m tl JllLo 3j jK\ 11 j3x ^Lo'bLl 

I3x q. izw t4_>L^-j 3^ l^-^.l ^jj}Jl\,xs~> (JaIj 


3jjjlILI ^JI^jlJI j^luSl 3 6*2 ^3^* Tw» kJ 4^13^1 ^3JI ^^j3-u^JI 


p p 


Jj SAsJj 4 J^fl 3j. ^jja \ 1 4-> 1fl \\ I 3 clixail ljji> ^jl SLwLiilj 
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{ja lU^®J ‘J^' £j»lj J! Jf*iJ t>> ‘a'- 0 ^' 


4jlL 


S*S <s^Cl\\ 
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. 4_j ) jJI C.L^,J 4_> J_j J^j'^LJl 

M ^ M M 


4U--U1 


Cj nX^J I Cxi 
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LcLc 4 -xulCjx Axe iAj^CaI 3-*JJ Lcf£j) — ^ 1I 6A^J 
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^yjUII JjtAJ ^1 lliilU. J-Lj JjU* XJj £A ^Luj o\$AX 
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ja,7>^.a lllj.l^xr>l J-fil o^lkll Lia>xllill JxiA ^jl a^l ( Az/'a^k i7> LjIj 

j^-LaJ» IjLjoI uJ1^7i,.,> ^1 i4,.Lafli 11 ^C^a^\^TUuij 


jjlj ^ j aaLo-i ^LuaJI aac ol^o lx a ax. «p i < c 

O l^jl ajH^l ii^Lo Cirvu^a 1 I ^ \2) Lfl-L 1 ^ya 4jI^£ ^11^1 ^ \A Lfl-l 1 


«T A A ■— T ^ A c> i.*^ La ^>j 


't aj1 -> £ ' U>^-V 



/j£, . U i It 


3^ I SjjjGII ^JI^alII juuii Li 3I3 (^UlI *^jLg-ujL> 


ULL 


u! ^ Sa^J! j ^ c£^' ui^JI u^e u' ^ 

JjL=» LoLoS^I j^Wi 0 JI 3 L 03 *3- a ^H 3 I 3^ ' a ^ S jax> 4 a j Itm 11 


Ojiu] jju Lo 


^lll iSIa^NI ^jC. 4JL)1a SjLxaua ^aJI pLain ^K3 i 

LoJlIc Caa Jaw ^^aJI O^LcLaaJI i jaaSUI jL^> ftVjl <3 3^9"^ SAjlA 


<r f 


biA^cy □jki^l Cj^Lc liuJI ^cuu^ajj <3^ jl 4 aaIa r ° N 4 33^“^ ^aC <j 

CjL ubljrtJjTJ^L xaIi^IIj Cj\ a l<*>•> II 


^pjl ^-Saj-LaIJ ol J^Liiltj 4 AjtVill 3* U i3* c/JxLflUJI &jj& 


3>* ^ J Jj j^a Lo Ju i5^Loc o^Lphxa 3 oi au.u% H L$a 3-^IjaS 

3* 4-^JiLlll 3^^5 3^ cjbLia^H dLilJ ULa^^ i\^» <3 (CERN) 


^ fl kla J^U J\ £aLa-uu ^Jill J^- Lx4> 4. loA fcU-JI IaA^IoA 

H ^ 

3 j. Ulc 6 J^ J-% 11 yLC SJLw 3 -° (Jj^J ^jl 3jliJ iJLi^ 4-mflA £-<0 

clAJ 331$"*^ Iaaaj 3 I CjbjJnllI JjLvjj .fliill 6 JJb Lfl ilc fcl^j ^aJI SJbJI 

3^ L^a SjLLI (j\->^ 3^1 <3 SjLixU Sjlllj SjLLI 


SajIVia ^-aLga-^ (jOsflLi^ JSi%« 


{ J-C- pl^UU 6^1,% 11a |\Afl 4fi ^Ltaj| 


(jf 3Jl ^UjSJIa plj.* m ^aLj <33^^ 3- JUO% ^ Jby0.^1 


31 ^^ 4ajLjJI 3 -^ ^ 13 ^ 3 ^b- UJ^y* ^aJI oIja^TJI ^3 

w w 

LqaA J^^aJ ^Jld^AA ^\S£\ 6Jii> 3 3^ 3^-lj tu.u^a.o 4 aaaj 3j)-v lo 
^ Q Q % 3 I cJ^U. Ij| 3ixJl j^3u * ^ Q H ^ 4 a| S 6 Jib 4JL1&A 4 aj 


<4aaLaJ) 3hC T ° N 4 3i* Lq3j jjLfiJuUJ 3^ 6 Jib 3 ^^-11 ol iLAi^l’lll 

Lq j\c. 3 j-CII 4jiaaJ^ oCjluu >—LiU. LaS^j Ijl 4 jSLaAa IjLqj 

jIjAI! 6jib 3!u 3^bbiAA 3 a31I ^LcJjlJI3 ?4oaIa ro N 4 3^ 

3La5ILuj^ Ij^aQ^ i 1 4a j)^ 1^ ^1 ^- 5 )^J 1 3 I3j 3J 4 %\ kK 11 4j5aLoJ1 


.ffrL^Jf CiUl^jJIn jiSaS )1 6AA JS Oiiifl^j 


m 





<UjLt^ J\ V* A.ll I Jjk ^ wlxj ^3jj .ijjljHI ^Jl^JfcJI AQ /> 


C>U*Sljii 4-AJL.LiIaJ! Sjj^ur^v 1 li 5UU3 UxuUo 4 Jl£J (^cJlxJI JUUll 

** 

Lfl JylLru ^ 4j<nuj ^jUu ( j^a iXaCj-Aj 4_djU3 ^'iH La ijjJjJI 

5j5 > M U gt-i i vv^Jl dSLJI L>j)LvA. i JiLo J^liJI ct .lA-q.I1 uL^j 

*Li <4-C.^^uJI Jlcj ^ Lq v tVc. 


J3X 


j4X- k,ja-^> Lio> dl j%Tn ^Jl^JtJl <jl ^.aJjlJI JLUJl <_>LK j^ju-o3o 

Lxi-u ^3 iLliLc JSU3 ^JIjjlII 6 dx s_^3lj <<jUjJ1 

6,1a .((jjLi^JI ^3 ^L-^UJI Jjj-I^JLj)) jlxjI IK^>^3 UK U>U3 ^>K1^ U^iiaj 

U/J-*" -Af*^ J| u -* nk kj$£j ±a ^1 ^ 


fJL*-ll Jl Cx-^j^ ‘<5j-=^ Ji SjL=>. 0-® ^-j^' 3^ 

>LabialjJ! Sj^u^JI 6*1A JiLoj UUj O-xluJ CjUl^LjJI o\r* 1 tjuulj 

p t t p * ■* 

jLxj^!! Jya jU_>t (J^aUjJI Ljj! d^>.> 

Lill** .iuijJl Uslp. j ^1 UL j ^ ,ii^jUl 43^1 

*«> 

J c 

uU^ jx — Cj jiu^l SjjjuI! ^JIj-xJI 4j *.31^ j-aJ ^jJI — jKJI 


& rj 

i 11* 


4-c!»L5 UjJ ^,\ is\\ LgK i^U^-U .cl .Aq' 1 <G^Li tjLxjl 4 jujjU Ul^Uj 


Lijj *-i-UZl3 ^Kl jLxjI <J ixajJ 4__>^ 1K1 I CjVajuS UjJlj l j dt^JLJ 

^iUl j-ol 4juj^i UjLxjI ^r* 0 ^ 4-c3Li 


- . * — fr 

LIU 4jJ^i^-ua CuuJ ^pJt 4 LjJI oljufllI £-SL> (> jjl Ii4j 


«4_i-i_iL^. 4-C^flj-o^ Sj-oUXo <4 jco 4-xul5 

dllj 4 5jj)-u^ 11 JjUU3 ^,1 .33Ul]I tLAjaJI iJ^iU. 


_^_k^ ! 4. y iJc>.l) 4 A I veil J^_I „’,J) jijLXJ ^ j * *■ * Cjljj JlB <)*>!.> Laj^jft tdij 1 ( Ij JjOJ 3 4 \j> * '"^ ^ J t 

ifl^JLa ^*‘>““ aJ jIaaj ^vS-11 l^LulfU. ^ ^wjl i j\, iiijfl tf) 1 - w a w ii t-y iciJj jjol »^i^l 4_^j AjlxuIXo 

k* 

jAi^iw f£A\ \\ ±\£A \-± *S\) I >_fl 6Aj^k.j 4 O > m-fc I 4j .nVlLij) ^LjjlaIi -1| V J 1^>. ^ id^dll 

^JJtLd Jrk-^J! c jjglj . k J *C All Aa lln a»o p-^i (3 4 L5 ~°LajLuoJ 3 Cwu *1 L^pl a_c jLxjI 43*^5 3 4^^-a 

— * «• * ■» * — ^ ’ " 

ilLLd ^3l-a>luliu> w * "* ^ 1 Vi',> >J I^>*> tk—giO^Jl }Jua 3 ‘Uua^ 4 fl 1“ v rt J l_Ajl 4 j^Ju >L“ v~i 

/ywi33 4_5 ^^-q illj — ^Ji-*-li loA 3 —■ li 4ja*.^i.1 4Jlj 4 i If J JjfLkJ jLxjti 4_*-u3> J] ^UL~W > 

Ojk-fl->] >ui > «C^l ft 4 t j~ > > Laa jljLj'Ji Jys >—j»L* i^l 4_j*bL> 

« * t. 

Lfrj^aj Vwu j ^^3J' ji j^iuj 4 f3^' 6-° J^° 4jl J-C 

3^° <3^ * -^ *3 ^ ‘ ^Lljo-q 3j?^ ‘ ‘ J>-*-^ 1 ^ S 1 ^ l^ft"> 3-^-* 


. I * 


rw 



j 7>> j 4_lok a o ^>11 


£j&1^ 3), 4 ^ujL>. 4j5^3jI ^J.i^h.’i ixi\ IjLL 


**-«. JK! 


dll J-i tlljLi — 4-U-SLa* . a >l^a — lliUJ 4_i-mjJLi 4-cuLfl 4_i at_d C- 

ft f' «« 4| ft 'W | 


Ijl 


f ^ ^ }S 

^JI^jlJI 4-^lVi ^uL^xj! ^J-cj < lslx £ l ->- j tdL LuoL^. LLLc jJS 


d. 5 l~s 1 \^ L^jJC& ^LlL^Lj ^j^S^- 1 I ^u* La jit (j; 


La lift (jli 6 JJaj1I 


^jJI 5JLiJ-JI Cj LkJLi IjJ I ^a S Ja*lj J . <Ql 5 (jl L^J ^j^aj ,^aJ I 6 J-> -w^Jl 


jl j iLaJaJI i-^S lift Jlo jLUAiL cujis 


Laj ^j^aLiJI LulSIj ij (JjLajJI (J 

M ** 


“ Li “ 

o4 




jyc (jLo^^ <3 31 < — 1 i^V\ i~v j <4-i^adJI 31 4-XjJ^I jLjlj^I 

-Ajljj^I jLju^I LiiLxJ A mitllj 4 -<uL5 LiIjj (^AJI JaJ_JI £>JI 

t- ^ 

ji-iidl l lid ^ IK f,/^l I 4-c^ % JI ^jl dllj O^*-* Lgjj^ 

4JUJ1 ^jAoi ^jjo 4^j ll t \^%\mo (jl ^ u > fl it 


o-°j .3Jlj J Ja 5 dl^ 6^3-" 3 

(J «0-fljJI» J^-l^ AJj * nift jd-G jjx. oUj^JI (jl3 

ft* 

o^jUa J\ qo j 5 (Frank Tipler) ^Lu jlilji J L£ ^LajJI >t jo „.ll 

l£jj J_1^J i jyc. ^iLtiJlj ^LA^iiJ A-^LsJ! A M m i 11 

JlLo^ .^i^LxlJL ^-O-LUJ 'ij 3 ^ ^1 ^Lo'JJ J j-CLgJI 

.AJjJjJI (J 1^3^*'ill 4 ^Jl51^ ^J-C. J X\\ X i ^LjJI J\£- j-fiLiuJl Ij-A 

a.\a ^...aIjiJ1 JL3JJ J uxa y _jLi^ (j (David Gcrrold^ 


J_c JjJS pI^LII 3^ ^ /n ' <—>Lj^ <( ^ nl ^* iS&^ c?31l J-^jJl>) o'i!LalL^I 

LjjA.1 Ij| — AjI aJI <i i.t 1j .aJj^ ol j \5SJwLxj3 1 ^JI^jlJI ^31^ 3 
IxoIjcq) dljLi (dd>. Jsijj ^LojJl 3 pIjjJJ odc-j — (j^y Jliil 

^JLxJl Aj<uL5 yLisj lllc 3 ^" jl 3 ^.jj (3ji^ a^ ^^ 3 ^c 

ddl 


'i !j dl^jl d>^J ((JJlI^JI)) Ijjfc 3^9 tA^Lfl dildJ (^3JI 

«3^u3^1)) ^IjJI (3 JaaJG OdJ^ Jl 5 dlj'il ^jAotdlllA ^>u-d iLoIidJ^ d5 

^-L^lj 5aiLi S^a jt t Jjjj jj oUjJ' J! ^‘^JL> 

JlC. jl ^j-flJI 3[ ^,5"^ (J^ A 1* cTl n> Lo iAjJ-uli! Lo 

.4-1 A-kxiii jJal^ 3^^ 1 


YVA 



SjjjlxU aJIoJlJI 


6jjfc — 4-aiiu 


p 

* zj^ 


^-c_Lc <jjJLq J-C-J t 6 XqLxjuL I C-> Lucfl I^J I 4^.4 ujlJ jJ I 4 \u^\ <7i 1 QJLao 

p p 

4jil i^Luol jjJfc Oj-Q-J j-^-uiiG qLj-uoLjjJ j ^- lll £ l 1 \ I ^Lfl 


JL3J1 <_> Ln^ LgJ 1 ^jLojJ I jyc. mil ia^Jl J-i J-Z*. 

1 Ojlr- j^jrUI J^JlxUJ ^iJI 4.1aS\lij *.;X^J L^Owiil IJulLfcj ^-aJjlI I 

M ' « 

£^Q 3[ 1 il^)) 6Jjfc (3 ^5JjJ-JI CjLl* fll^Jl ^j\ 

i j^aJI 3- 0 4 J-lLcl> ^jLLU jl o 1 o n 3 ^ L^jJ o tLljcfllj 

£j^iU ixxalJL i<uU ijjlj 40x51^1! £\Jji C>a l£ £ >U ^J J 

> I 4*. 4 _ I . >14 I 


3-^ lic^i 3 4^_ijjL^jI ) ^tjjllJI ^Lul> ^^i!l 3 -c. 

j <S^-i^ 3^-*3l 1 13 ^-* ^ lx 3 Ll& Laj^) <4 \*gI^JI 


Ijl 1 ^ ill 3 ^*-* iLlllc. 3 JLaH^M j-ulj 3o1j-!I 

4_>,ii>Llil 4l^a\ j_c Llj Liilx 3 3^°3^ ^x Lj^iLtu 

4^LL!I 3Ij3^^ 3* 4jj3) 4^oj15 L>Ij3^ 4_ijIj 5^-^ ^Lo^U 

.llailj 31 (ISj^juJI 

jiC- ^0 iuH ^^xSLlj 4-uiilaall 4 a v \ir\W 3*3-3 (* '3$ ^ ^ ' Jlloa /j\ 3^^ 

3^j <4iujj^LLll 4-Ju-fl3 ^311 ^a'* H JLi-^JI *3£j 3^°3-^^ 

**••*'* * ' rf 

,4-ljl 5I^Jl > 3 J jl - fl ^^ j O^i iL3^JJ c-l.Luiu'ijl 

p|j^JI 3| ^ 4 _i_uLiJI 0^3^' jy*- 4 -LaiiaJsl oLix-fll^JI elk 31 J^Ajll 


^^qJlaJI JLiJI oLljj J-u^-sl 3I J^l^ll 3-oj . j^\ £ji 3 31 ^ 

^jjI 'iJI. tS jjaj-II ^JI^jlJI j\ mcu 3^ ojLcu-ldI ai 3^-^^JI 3-^ o^ 
*% «• 

Jj ii jS Gregory Benford jj^i-^ ^! Ij£LLo o^aJ 

<(3^3-1^ •— > jj j ^ )) 4->Li£ cJ ^JLxJ^ Jjjj t4^ Jx- 3-4 >j 3Jj 


3^ 3j J ^ l1\ 3jil1 Cj 1-VJ..1A. LL\ 3[ 31 ‘^33ujl 4 \Y\ 

gr \uoJI L^ol^xs 3 jl " a -3 jLklj 3 JLA - rv J£ i 1 /^ Q 11 j3j . 4j IaiaJLauJ 


^ t _ 

IJla Loj^"Li*idfl ^^JUI 4,.1^-kl (ta»j-ol xll l ^JI^jtJI)> I^xjlj Sjr\..i.^i!5 t ydilll 4a«ij-U i_| IJla Lq^aj 





E V 


si) Jl 


I^JoLSjJI o-i^l ^jJI 45\H • ^al.* J1 JLl^JI f* o 


i^ixioxul ^J4J 1_J 1 4.1vr.uljp Cj^Jl^ n pJL*JI ^jSl 4 j 1 Luis 

p 

4 J ^XLiJ JjLujJl 4jUO Cj->! ^£jJl J iiil i \jjt 4 Jjiiiuil L> 

^1 Lojj S<j!>Lxu^)JI 6Jjk Cut J)->1 4.iIcj ‘P-^J 4ji»n]L> 


.,L^!U, L-u,) JjLuJj ^A.A .4it ^JL*J t (3 ■** ■*41 lAl <3 4 JL&. 


I ^3jJUU-aJ <4^fc^JJ 5JIJ L$_J ^jJI ^ >Jt Jx 

%* 

Jjl ULoS £t-ubi^ j_al 4jkLfl <_oLaJ1 Jx.j **U^jJ5lg dixfll SiJLuj 


SjjjLLLI oJI&jiJI j\, 4i'»jL.\ 







^JjLlLII t^^LoLaJI , 
<3 4a4uLJI ol^l^-fLlt 1-fl- ^ 


jjp ^jJI 4^UJI oljlj-SJI 1^5 jikJU ^jJ! 4_Uv-sJJI £ ^JaiLLc Lag * 

JjcaJL 4_jLa iSpIjiU jx^ s^i^jukw 0^ Lq£^ 4 .(J^iLLuiiI 


K..ul^uo JIjA £U3 A un rs j ,4^1 J Lo Lo ((4_UU3> J ij )) 


4-tniu dll J ^ J fl * ^J Lajj^ *3-^ d^jrCu 4 1^.3 I EPR 4_^3 dJj£j 


^aJL £-0-wJ ^ f y -k XxixlL) 6JJJLill 


► 

Lua.it 

I r j) j ^j) 11 


^jXiLaJI Lul^c 


CjJla ^ J_ii!Ltxill /jli 46 JjLXjJkl ^Jl^JtJI 4-)j^ 11 (JjJ+ LflX^ 

4.1a--^Li 1 (JjlXj^ 4^1x11 ^JLxi! ^xljJl ^u^JI Li^ljjl 


s 

iS^J CJ^ <6JJlXxJI OLuaXIjJI (j\-* ((Lljl^IL a^jjLi Ljj^-^. 1 J-5-fl 


L^jJI ^Us 1 1 ^| L jjc 


dlLli^ ^J,la.,t L^jU 4 Lille 3 6^2^! Lq 


oL ^ Lu^>i k U^>laj Li5l^^ ^jLaJjJI jy£. ^ft.^iJi 3 -I ^">~wi! ‘l'ii> 4 _a1c. Jj^IjJI •%■ "uuj ^^.1 j^rwC. dJUji. 

a .. > ^UjJ^ jy£~ ^ J^- 4JJ .j| f_»^-ljs .1-c^pJI jy£* »sU p l^ -u .iI 1_4 xj j 1 (^wfl Lu*_x-c_) ,_ Lx > 11 jiaj ^1 4 1 .1 AC 

^ ^ tlj^JI 3! y L.cu-1 ~>lfl t-Ni>il /ya a \1 jU aajSU 4ijyla Ijl [ ^ a * l la. * k 

. 4 XX \ i^JJ ZjLiajJ ol J^u-lJLA 


YV 



Sjjaj-LI 


& 

Ji ^ JaJcojj 


J£ J-J.Cj .^j£J1 Q WI 

cjLxjcsI^JI ji 0^9^ Lajj t^CJI £_j^jlJI Jx. a.Lu^j 

Jj-laJI ^jA JjJJtJI dlliifcj yvXj £t-jJalj lidj JjXaj Lo 


iL^io Ju>Jj J£ ^-U~v n> <(lio» £utui ^yJsX,\ Jjl < J,i5"i mil JI Jj^x i ^iJi 

JI JI ^Ja\ i.iuj < 1 15k Luo ill l.tu J Lfl-il Ll>o d ^ mj J£ J-gTiJ* j 

<• 

uLjIjLcxla 4*a <j| i>,iT* < J,i57i <nl,l lJjJU jl Ja^Ja mil (J^^° 

4 kCijl.SL.t x> JjLuj^j d Ut ' *»'J)* Lo| i J-Lfi^.iXlll ^jA JjLxU^) J \JBl1 »u Lojj^j iSwlA^lC 

J^Li ^yQ tlllj CjjJa JI A^.tfc.1 <ji CjJjI Ijl jl i«t>°jJI k-jjjA » Ju-o 

lj^ JxiaJJ jtaX. ^2^-° *^u.Sk,H ^LLill ^jC* ^jliJI dlljJ^IL) ^1 cf^L^II 

Sj^lj jljxl ^3 j-5 4 j1 uo>j tlx) 5 ,a^> SwijLfl olj JjLujjJI iiiis J 


4hJu^1l^ 1-£jI £J3Jij ^1 j 6J-& Ju-fi JjLtoj (jj! (jLfl iJ-iXUanll ^yA 

j <jl jjS^II JIaItw^II ^Li JjLujjJI Jx. pllj lidIjlj <4jjL^io3 


4 ilx^ <« JjLxij^)JI» <Cia CjpLt*. (^ill lUrwo iiXflljJI ^yA Jj Liu lQ jL> 

t- ^ p- 5 

.<(4-fc v^ ^tgaxij ^jl» JjLuj^J! C>Jl& ^ \1^3 ml <jl ld^ ( j\C- ^ja 4jLa 


ctlljj^ll a I L^liio ^ jxli ^j£JI ^1 

J^IL^ > LojI JlXj ^jC. jJalii 4jlj tl il ac. (ESP) ^guuA II jl U\ll 



I 41 d dl^^V» ^jJI J^^ iiaaII ^La.\ i-fl J^i LAjj)ju^> La^ 

«« 

Sj^ju^Jlj t^vj^LII ^ol CajI^ Jjjcoj ((6^%-oL^JI 4 lll» 

4^jj <4iai^Jsl jaJl^xJI J^ 4^j ijLxj'iM JJJtTua L^l.i.fl J^wlu 4jjl5I^JI 

4 Jjwij J^j J^ 4 iS.l^o Lx^o^ ^JbjyC* j^Lx±Y\ <(S^iUJI 4 lll» 

^jl <—\ Ijll I^i4> jUd)I 1 1j-A <J 4 jl£» 4jL^.^L! dlji (_^jJI JIJ-liJIj 


jlilil ax) l^llj S4^ilc C^^JI J^ iTiILa £l5I^JI ^yC. ^uUL^JI L^ljj| 

£^ill IdJ^^ J| Cj jlj jAj£JI jl^ki Q^l jio CjIwU ^Ul ja^JI 4j^lio JA-C CjIj-aII 

J pL^ilI jj).^ 1 a 1 cjI^aII ^ja 1^uco 1L^3 -1^5d i^aII 


((^1^)11 IojII)) ^ L$JI J vbe^' 

t Iiii ^ uJ^' j u! 


YVN 



JjaaJI 


4. (LuUA ^j \ llli.o SLl=J 



Jl$ 


^A-Jlj <6j*Ju^ cd_A-*A (_^1 (3^ '^J 11 ^ 
*• *• 

dllj JlLo cii £ \^y\ ^jl Ja ^ 1^1^-ft 4 a£j ^JjaI o' ^ 11 (3^° 

lA 5 <4aJ.C ^gjfc ^£j]l (J^-clJI ^Jx 3) s 5^^ C^-* **IaJ_^*> 6l^ tfAl 

*> I w 


4 Q \\r\ o ^ 6 AjJ£- 4.ja^ JLsfcl 1 {J \ ^.i \ ^j\ £. \ ]r\\ <ul_g ^ 4-1^04.11 Ljjk 

oLi^lriV^ll t^j.i aijlj j — ^JI^jlJI cdij ^ j 2 xxj 3^9 4 j 1 ^ a1 3)-° 1^^ 


6Li 


3x3^-11 J*Uu 4a I Ja 3)-° ^^qJIa 


^ill oljLl^l 3 


IaJj>»I Ijjj tLg-fl^Jtj ^aJI &U=JI J^ja (jJj ilj-il J^aSuaa 3 ^ * 

«* 

^ * * 

4jjUI oLu.^1 3-^ y\A^ tti Jawja 4j>l^g jdu Iaa^ ^-i-fl <11 v* o ^IllLo 

%% 

Ixul ^a.aj Jaja ^ Lqajj tSjLu^ll SjULI 3-° — ^ jjl — JaJ_Aj 

V4 

^ylli Cj^Lc-UHI iiiu^LJ iiXuO Jj-^-a IIa ojfca L&Jjj lAJjJ 




tljjl 


J l U^W jUAj^il J ijjLjJI 6 j^Jl Jjia 

^ c- ^ t- t- ^ 

j^^g /isjl «a 1 I SjLU 4 \xi-i1 1 \ Lua LujLluI 30 ^ 11 3 ' uqj 4j 1 jl iLc^Li 

p* 

t ^jLiJl 3 )^ 9 ^! 3 SL*^ Jaj^j ^^g .5^1 Ia Lfcj^^g ^jc- jl 6 jlll 

S^I^a 3 -° 6 LqLqa LuLxa^ 6 1a~v JIaj^ 3 ^ 9 ^-* j_£ is.\1 1 All SjULI ^JLc 3 ^ 


(Jlj-o ^JLc J(j 14 > Ijli Ia-A 3-*-LJ^9 L5 j ?'^ , 3 

.jr^A^j 1 )1a /j-° sLa^jj 


c- _ 

LaaIj <6JaJ£. 4Loaa^-o aJl^C Ja^ja Lqa^ 4a I ^Jx~ ^aLoa. 

' %* 

^■LAjI ^ Jaj |Jlj*JI ^1 ,^£Jj ‘6-3^' 6^ 

SL^. cjLLL^. j^-*j tJ-Aj j\ <i,a~ (3 tLliwlAli! ^JaI^jiJI JiLo 

Lq^ ^LucuaJlj ^LaJ>JI 4 j Ijj (_^AI j l_^jfl_»'ilI ,Ja 5 ^JL*U 4_flJS.^./a 

Uj^j LqJ^ 1 <6JJjl 11I Ojiij| ^jJb Jib j*J S Cr^ 
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p M 

64AA (3 oLo-Lxii-^JI £-0 3 ^qI al.U (_fl^JLU |a-JJ- 5 JI 4 ^JLxil (J 1 -^ l /3 i^ Q U 

. 41^*11 


Loi iGfl/C^ J (jr »JayUI ^>u\y H ^y> > ^in a > J j O- ^ lj[ 

tfr c p - 

>| P1 !^fl 1 Jjlj jl td) j Jya ^ <0 (^J jr^C * G fl / C J J ^ Jl I vyU I J,.\\ II 


. (i ^ >_\j \ct 11 11 cl 1^i i) ^ ^ v< ^ <_» *3 *^i-o l ^ 1,1 1 _>^- s ^ 


t 


TAN 


aJoJb /yt 




<^jLojJI 3 AaLaLqj 4 x**jLo/^I c/^jLxili 3 ^goj Luj ) aj) fi-a 3 -* Lai) 1 

** * "* ** ** « ^ 

<jl (J^CL3^J i^LoJ^JI 3 u-iliJJj ^Lo'U Lg-juxfij (J-aJli i'SLi-a^ 

I '^LLq JlJ 5 ^X 2 i 4 ^xxu ji& CjI I 0*^3 Lai) I 

<4xLujJI *_>^LflX wIjlO Ll&IjU La->j ijxl (J^° tAII jJrVJLi j *Slj-o 3° 

5I 14X LujJ I i J3X Ju 6 I^L 1 4J1 ~v 11 6 wiX 3^ 

<g>L>^j a II 3-*! 3 ^ cS L^*j ^^aulq 3 jI^j * 51^11 Ajg-ii .,^.11 


sl^il (j &>£JI UJ^-* O 1 cyV^Ks) J ^ Lf ^l 

** 4 * W H v. 

La£> jjJj o' 3^°"* ^ill AjXxi^Ji 6 j£J 1 3~^ ic>..i .-AJLjj iL^xil j^Jj 

Jx, ^j-ul^JLji iiAj ^jLo^JI ^) 4 JLXJliI Sjj^j JlS ^jLo^I U^ 3 

(JjLajJI 3 ° 3 ° ajjjuII 3 likj 31 sT>il 

Jxa — Axo^iJl IAjLxa. di\s <Q 3 (j io £j 3 ^ 6J-4 ^zulj^ 

U^ia 3 ^ l\j^ *jj*a U^jL 3 ! 3j3^3 

AixxjJli 31 *iS 3*3 3 ^ 3 ^° 3 * LlA-iiiajI La£> LoLqj J 


Ul-o cl iAq 11 3 6J-& ^juIS3cj^1 <4jJL*jj AxxJu A^aj^^jtll Ajja^II 

^■ul£ ftjjLd 3 fin II L^J^j ,nnl t Jjlojl 1 til ,~a-uiJ^ 

L^X- ^1 £5jUil (5^51 (>> ll^tj <jj^ iXAJI jUjJI J 

jihi ^1 qy(>* J (PCT 


A,i.i.Lflj Ci^^JI 3 Amfv x,\H SjI juOlII ^ 3 ^ l,i % 31 Aj^LjJI l£ j r XiJcjj 


LqLaj 4^j.i4.LTv 3^Llctjl 3^ ^juLxoI ^Jij PCT—II 

«fc 

.SjLubJll 1(3 lAi^u^J SjLAII 4 ^ mill ^xLi^xol 
Axoj-JI lulxx 4 31 J.> L^j 1 31 i \xuI 3 ^3-*-^ 3 ^^ CjLJjLajJI 3^^ 


f^J oUiUUI < 4 -»K Mi 3 ^ 


^3 :LLaxujj Ixilj^xa ^llLo * 3 ^ 3 ^L 9 ^oLqxluaJI 4 ^ i^. Jx jlxi .^1 

$ 9 

Ijli ^ 1 tu CjLx^ j ^jL^l Jx 5 ^..fti m \a 3 

*^3 4 AxS ^Xj (^jJI 4 -ujLaJ) 3 Lx* 3 10 *^j AsUo ^r-ii LuLfl 


31 L£ 


YAY 






4-uiflLi ^JLc (3 JjLq^ *£“*£► 

■cr^b^ fJUJI d L$j|jjjJ jU>jJt f^yj l^.3> ) I (JlLa 


Jja 4j^j d L&jiwLj ^jl ^S-all ^ya — Sj^Ll) L^-j La£jj>. ^jJI 4_fijjJaJ! 


ia.jLili d-c. I g« » ^ >j L$j j^aj £ojll d| ^jjLuaj L^Lij^j jl jJLxJI 

JjuJI J-& £_i«<bjJI 4ili=j d JJ-v 1 ^jJI J t-wj-11 p^jjuJIj — SjjJjiJt 


Hi CaI^sj tdijj lfj-a CjljJ ^JaM 4 ja.jjJI C& 

%» ** 

^-lei X \j ^jju^Clj JjLfl iSlia ^jxiLlS 4->I*1j LiJ^-^I (jjl 

tlfruiCM (J j> 3 mil i=h.jjJ! jJjl ^jLLX^Li Lo^j jl ^nbj 4 -SLL* «L>jJ 

tl 3 ^®^^ 3 ^^ u,l s 3 iSLLiJ 3 ^°s>^ ^JLaJi cjjfc 3^9 

^* W%ia\ tJjLoi)1 ^j-q Ij-Aj t4litij ^GJL^JI ^jup^JI i5LL> 

JjLoill !jj* J!Lo ^Li ^Lill 4Ju> UIjj Sj^LDI 1=^ «^jjiLi 6jtc|» 

•* 

*LjjjJjOlj "SLlLaJ ^Aitu 

4 1 /n.\ i^alljl.^ojj.^.lli ^5^3-fl-SI £-0 4-utflLJ P^aJl ^ 


*QCD JilLIjj QEE) ^jLq uiLI jJ 4 -=^,, iuj *ToLLa jIjJLo 


a-o J^Lstlil jilc e-xcLuo-ll ^ j- 5 j .QED <j*iLluI l J^ go j).aV\ o.K mi 

*» 


. N ^ V^ ^ Aj ijUaLsh y\i*J j IJ fl4 » uUli 9 <Lild^ j J ifl tJ <1 l*s d»il^ > * ^iili ^JJO J ljUbj 


^ A A 





*uILa ^Jl (J-i>^^iJI 3^-°^ (2h° cl>^4^Q^JI ml I Jx SjLLI Cj^L^o 

<M 

w g » « 

4alu L^J I qLouujJI 3 >^ SjaI^ L^. 3LjLoJ j leu 4_)^Ji-J 4 1^> MilIxfc 

3)^j^iJJ 3)^ t^fl I 4lY\ 3)^ <G^>-»XCl 5 4jjLaILo l^fl Lfl \1 <QED 1 

^ ^ ^ c- 

l^jl > t iA v > i,>kJI £_ulaj SjLc^j xUj ^r \ //\ 1 /II 0 SJ.L 4,lV\ ^1 

3)1 3) N 5- l -*^ J 3^ ja ^^ J^L^u 4.Kj^ dUj £. »ull> Lul^i^LlL ^. lIv 


i,a.l xu 


^ 4 U-U L.V X I Cj^L^. I j 3 -l 4 ^ till 4 i. \ 53 I | 4 _J^-Uv kit I ^ -nW ~\ / j 1 s 

3A-> 4-xLqjlJI ^ ci^iAll i j3b.ljjJJ 4 JjLq-a 4_j^)-Lkj ^Llx1 

— ** 

3^ l) Ijoj ul(LLuub. ^LxajI^ ^Lsl-iL^I cKJlIII 3^ 

** 

3^ lieu 11 )^ v*^3 * ^5 1 J^o^j l$_>ti <4uj^fl^JI ( 5 jiJ I JIq LoLcu^ <4,*. mil 4_iI 
3 )^j s ^aJ 1 4-La-uul^ (JfljJu J-i ^ 4 flj % ubJI ££^jL!I ^j\ ^9 Xu 4ulcj 

4-juj^ 11 4\^ nill (J-S3aj 4u3l JxjljLxj ^ '^>1' 0^ < W J 

(v 4 \x iAJI JL^-U ^-uuxJI 3)^9 j s 5 ^I u\^ i 4.iujL-L^JI p-Lul 


5 


oLa.1 II &jx 3^ £^3 1 ii*.3 x^j-* 3,! x> 31 IxJj 1 4 „i,^k..ii) 3)^ ^ ^ 

iWJI c^U-bUI u! ^3 <W-J W + ^ <J*I 


iluJllS 1 1?U ikl^ lj^Q_^JLl 3)1 J-X-fi 4u^jUU J LoTuI Leu IJ 3> XUU ^ 1 ^ ^ 

4_i^)Ji-J I 1 Uuj i40 ^All Cj lu^iJI 4x.^-a^q jl iZ J jLxlil 3)^9 


3 ^u 3 ^xJI 4 4 _iIxJI (3 Ca a ^^ j 3 jj ^ ^L^^ o 1 ii 4 i I 4 auo^JI 6 xa 33^3 

«% 

.Uj^.j 5 fee^>j c^ 1 ^* f»^e^ 

3)aj ^11 4^ 4-v «v^H 4ua-olujJI o'bluLoaJI 3 °jlj aL 5 3>-° Jjli 

H ' 

3 ) jxlui ^ iljUlLI dAvmxllj W 3^.i.xi.,.1 ,iii,^J 1 ^ i_av^ >x>11 




<N<W ilai jjlijU ijuaU. 3 ^ Sheldon Glashow 

4-ulSua^ 3 ^ 1-tnun \ Xxox5 1 Q \K J tihuSLo 4j^JiuJI 3 >^ t N ^ ^ N 4uxu 

Xj^L^IxiJI 3 ^ ^Ud Jj XXJ LaJufl 


4 a v* >^s 



Zj\ own% C ^ i lk^ Jl 5 ^Kill 3)1 4 -Uxlu^J! iKXLil^ . 4 \ ^ ntk Ll3. X *j JI ^ 

j l^Q Q 4jl^oJ I 1 4-1 ^LL^Q 3^13 jxJ XiGjiJ I ^JU^X. tW 


(6 + ) OX^J„^L (C ) Jj-O iijlXo 4_ei\ (II yj 4 aa Iii^ 1 ^ W ^ W + ^j-6 jl mC.I ^ v \r\ 1 Li 

.J^XUljjJi ^ I 4-a.XQ Jk-tul dJ I 4 J W Iaj l^-U^o ljlj 


VAi 





h^ j >jiLA fcjLcI J xy. \ ^Ul ^aill 

<jl JlJ CjL^j^AJI ~^ i 4 ,.,\.u,i.i.lr>L iax^^.^ 51 . 1 I £_o <L )1 m JI 


il£ IjU 


fi Sy\ i^iti 4 fl iX-ubJl 1 J i. 11 i 4 I 4 J 


LaI^l* <jU 


.4j hi vKLliLQ^^)^ II J!Lg — 4jL^j^>Lj 

4_JJjLU 4^^JI £-0 j Q 1^-1 4 J^-XU-1 Ifl 4J3UI I.TJ-I.U-J 4 K / n l lj^ 

Q I 4 J A .41X0 4 O Lj^J^Aj I JlLo 6 Cjl A i Ul'N I I 4 O Lq-LpOI^JJ i^Cj^ } * iJ ) 

1 61 jliixll /si ^ ^ 1 (4_d^i-Ll 1 Q V\j^3fc») £j\ \juj dl^Ll-oLi 

I 4 J <jl A11 f^yb 4 W JIg 4l£ L^J 4>x\ \ ti\^^ .^^Jl ^gsA fl> Lo£ 




SuijIjjJI 4 aJjJLli 4 ^>jaJI aj-A^j ^ 4 jJ^qjl]I 4 _lI^JLII 1 Ldjl 

ua£ 4 Jj^JI 4 .AJJX: W pi aXjuia OjL£ lj| La I .J^Luiil cl *— u »m 


W V lfL J? W pi ^ s /ii^ 11 6JJb^ olA^^AJl 0^ j3Ulll ^o uU Jjf 

^1 aj ^3J1 <4j /tuKl\a,cj^£JI 4 fl i* iAll O^LlljjJI 


^oiiu *- v v l~s\ 11 5 jLc^! iLli 5 j^ 1 ^ (j ^ ^ lo > jJ ^Lcj *% ^ ^oiJl 

Uia J 3 U 111 J 1 U&J 1 ■_* * i-U ^ 4 t 

M vm villas 11 ^o JHo 3 -^JjLajJI j*jl£La \ 

JjLa JJX. JLc 4 j jii \ I^LljLq SjU Li I4^\p J l^kVl Jjl (J-^-S 

SjUll LqJ^C^ 46 J^lLa olj^ JjLH i4fl ig J 4 \ 1^.1 J pi in \ lr»LHo c> 

LjJ \jCO l*Jja"l> 4 jJI 4 -lL^HI ol IIIJ l^l M i X 1 1 6J-A /jLfl / d \ ^ l in 4 4 y>i t Uil i 4 11 


dLlA (jjj-J^ iCjLaL^ 4^I ^14^ Lulm£ l^ucutj 1 g iAx i ^v-^1^3^ 

Lo JgC t ^ 04 -xLs LiJLo JjLq-J *^9 t i U 


jl’i i 4^jJ ^-^o-uiJ 4 4 m * ^ C 

** • * ^ w * 



* t 8 


1 ^ 1 A » 1 4lJ^ju^o 4 jJl 4 illlH oLuijiallill L^j 4 
JjLoj i^llLo islk 4 JU jl jU 4 juflj^c Sjlj^ J 
4 iLL 4 JU. 4 .i^j 1 ill Sjljj^Jl CiL^jJ JlIc^ 4 ^_£Lu 2 > ^-A 

^jJI 4ij jJaJI a^-j 4 fl.ifl H d J-wl.Jl qLoa x^LjJLqJJ 4jlcvLuo-q 

M ' 

SjI^jaJI oL^jJ jAc 4 j^ ^-a *~\)l <Aj 4 ^JjLajJl 4(1^4 ^^ 1 ^ 


^ JjLu^ ^d_i_u t 1 IM 4 411 ^^5II oljlU 4 jjI^^JI 4ilkJI ' *lA 4 i ixs£jl\ 


YAo 



4_kxfl /yC. 


S^lC jL^-j J J-lc CjIjJJLI 4 i.<j.u.UlJiill (£J^\ 

.4 ill 

p 

4 \K II (3 3-°-*^ ^^LuJI J-^ (j-> ^IixJI (jj-iaJI CjL l\ Uni 

1 a ^ \ a 3 ^ J-L 03 S j5 j <jjLijLa> 3 3 ^ Cijua 3^9 43 *-^^ aJL^I 


* fiLiAj 


AJI 3^LuU 3j. Sj^ 3-^* 


4/£^L>^)JI jJjLojJI 3- 0 ^jJI 

TT ^ h 

J-lC jllj^j t J ^o CjLiAJJ-uJI 4 j1 Jj 3 6^^JljI (_£jJI 

6J-iJ-^JI 3 (J^La^JI .Cilji <n £_l2u JJU I JjALo ^Lu-Jl 

^1 <d CjLaj m.^,.11^ fc (Higgs) JU~o j>ji> .lija. 


i.ax 1AH (JI.u'Ij) d v ,n >U 1 1* II 




aj^ Q.LA.^.iJ 


4 uil^J 4V, ft 1X^11 ^ ij(j^ 'I 3' " J^lb <J^Jj) 3^1 -AJlA 

iLL5 ^ 6 Ab 3 I jju Lo-i.fi ^ iA^vl ,5Jo-i-uj^JI 4-fell I 


•* 

qJl^L) ^yuLlil Ijj ^JqaJJI 6 JJb * 


* .* 




JuJ UVT ila, z 




^i-Ajll 3^^-^ {((J-OJU))^ .^-ujL^. J^Iu Sj-fi.IiHA 4fi tX-u^ll <Lu^£JI 4jj-lVill 

i ^ 1 CII jkib^i 3 6J^g.rw^11 dLfc Jlo (JaiLfi ifiL&JI 4-lILc. 4iLL £ 


w p 

CjIaaxul^j W oLu-uia. L$ji j (j Ly jJI 4jLj^JaJL { J £ ^ J5l cjliLL jIcj 

C/bL^Ijill^ 4, Y„tt.uJa Lit, a. 1I C/^AljiH 3^ 3^*"J <4l£JI 4 fl. i\*\ Z 

. 4jL> via 3 3^ 4„fi 11 

•• M ** 

f^unj ^-lu^Ld^ ^1 4fliflA ( j^o 6JLi J-^JI 4j>ji^ J I 6 Jib |% n fl*i 3-43 

4-aI 4-lxu 1 ^ \c c-LiJ^-i^JI 3 3^^ ^3^^^ Ij^A /iijLfil Jfi 


<lf -ill .f+SjSi 


j£ 


d) 1 A <b 


CjI a.\ II ^cjLIj V. fi uai 3 (CERN) 3^^ ^ ^AV 4 -lxu 

\ $ 

4JU ^Lx-lu Lq_J| 3- l ° s >^I (£>?■) ifiUa jlc 

3 -iAfil 4 (iSLUJI 4 -JLc. SjL^II CjLj^j^^ 31 pLx-io S^ilxo 4 _q LLJ 1 

M 


^-La. A* 3 ( 5 ^ 4-l*\5v 11 CjIj Z ^ W Cj l..A.i.<uA Jaj Lb j\ 4<iQ 1 1 11 


(J-^ ^ * j ujj^i 






5 JLo J Lodlc JjLxiJI ^p-LL± 


0- 





<4U 


xloljJLO 


,/J 



4 auAj O-S3^9 ^ ^iJI 4-LiLuJl 4-j^iaj j J_c 

IjLaJjQ 3 2^^ U^ 1 t^-LoLa. (j!SL> ^aJ 



S 4-X4jjLuj^I 


3^ 3 xla ^ So^j- 0 ^^aJg^C 4-j^i^j Jaj <jl a > ^ 


35L4J4JL LojA j!i£l 


6 


I t ,/U^ ^yJ \s in\ J ^-L>- 


.4-OjliJl 4ajjL*Jlj J^liJI JliLoSJI Jj iJliLxiJI ^J-C. *i! 

«* 

a^Ull iujLaJI 

*» * « 


l^l ^ vU~ Sjlcl 4j^JUuO uuLxj i^LU! ^*1 *JlA\ £-0 4,t£ 4U.llJ 


3^0 Jj ^ CjLulgj^! Sj^l^ 4j^J^ LUdJ LoLo^ (SJ^J2 lLo 

JJC dlLxjJ-S 4 j1cj <£jjJaiJI Sjlcj 4 _ij*jSI jJI ^j'^Llj 

O'SLz^ 1 k„,A x^ajJ Cj yG-^l Cj LjjJgiiJ c4XoX^o ^uLxi lA > 

* _ * 

^kj'iLij 14- m .gLj {'JJjLtuI 3”^“ it (j MI Cl 1 4Ajj Lj l -fl-i^.~i.~ (jl Si ^ ^LjpiJI 

e- c. 

3 ^ ttlilj 3^° Loj .^jual^JI jaJLaJl CjIJL&L-u-o 

l i^iTk 1 cjLft,Ai<i^k H 4iJj7^.1l ^1I ssc. La 3o^LlSJI 


Cj'CijsSI^ iijLc Cj Lo-i-iarv^ qLjj)^ kill ^1 CjL>^jjLJI JSC- ^\ Q 

g ^ p. c. ^ c. , 

j^ lULLaj .^^.1 p^Ij ^1 <4_tuliLo g ^t.flj 


j 


3-^a 4 * *«o ^1 (3"° Ljjji a IJ JX. - V 5 JjS&a 4-j^J^ 3). 3 ^ 


TAV 






4^Cu^..S (2^-^ ♦ 0—^ ^g>^\l^l i*.lI JjUlJI I~l — £• J^- 4 ^ 

4 6^J3uuujuo 6^)^J Lfl 4 J 4J L* (3^9 4 J (3 J ^ 

p % 

^Ja^-o ^U 4^ljjl^ dJtj-A Ijl Lai .S^Xtl^Q JjLo3 4_IL*. cJLlAj 


* * 


<3 KS nn ^1 <Ja4 % !bL=^Lc- 6^>C.U Jj ^flXui* ^/X JiLalJI 

p 

.JjLojJI 4-aJa^-o J-^.1 


Ji-O fcL^jl (J 6 j)l?iA CjpL^. Jj 24^Lj-xJI ^JLxJI j-Wngul JaiLs CjI ^ 1 /n*s 

.^jLflJI JjlolJI jl^JLil £-<a \ *\ VI 4 -i-uj 4_j^_LklJ| fcjjfc 

4 _jcoL>. ^ya (Julius Wess) ^a-i<JLoC.I ^)-° 5 j^jqJI OpL^ 

4 4j^oU. ^ (Bruno Zumino) 4 j^ Jjl£ 

*% 

4^JliLajJI jllLo pJlx (3 j^o*ijl <Ll1c ^1 Lo Ijj Jj2^ 

j tlXj . L^nAj il^JI <d JjLLa (jt ^^.jrj-fl J^j 


Jjl J\ *IV II 44 H mI^H (3 J^LajJl ^)-Q £V^lJl Ij-A ^ ^-5l^J1 

4 1 < n i l ^ LLa-^ a j^ fl^v I I £\ i<r\\ s (^jJI JjLojJI Jj-c ^a^jl JJ2 ^JjLojJI ^1 

++ 

oUIqjlJI Ojj^I IjI dJjl 4->Li£J1 4 jlS Loj J^^JkI <j-oj .4Xjju-^JI o^L=^Ij3JIj 
jUx^JI pLajI ^lJI 4Xal_flJI O^JjLojJI ^J^*i LSj-la ini 4 4 \aALj^JI 


4a-Q^_JI CjLo_5 


V UiA 


l^_Lfl <, 1 < I M< 1 I 4XJ jJcJ Li K ' ^ x v Lg-^J 4 J\ \*\ II 


tlj-^ 54Jli^ L^J cjLSjUJI LaJI£[ j-vi (2 a-=^ l 3 Sj^JLua 4 Jj^ pIj^-lcJI (3 
^\ LajLlu^jI Ja-o C)- 0 ^ iA^jj \"V 4XjLilJI oL^Xujl^i 



YAA 









I 4_£ljLqJI oLoa-luaJI 6 J-A> JjjILjJj 4 J-51 4-IlI^ CjIj CjL^j ni*v ^)-a ^ jAlA 

dljLfl 


jl cw flVjl CjjLoj Jl dllj ,JlLa 3 vl-vaJ £ 

«« *% " 

^J^u-LU ^QJL^Q J-XXLfl Ijl A^fc» I^^JcLujuQ Ij-Cil ^)Jj <4ljL& iSUo j£>J)-ll 


.jLAa oj^jj^/ ij-il ^jLcG ^ .Ala ij (CERN) 

Jlj)Lofl i 4 a il^g. 3*1 ^JclCU cilLiik *«ljl)> JjJJtJI 4-1 illlj iJ^J 

3* d^nt\ ^j\ JiUill Cj^L^-q 3* 4.Q.1a.-x.o pj^jl cILIa 

/ i-s 3 Q dflh4 11 CjLaj-ujj^JI £l ^jl 3-° J^Ju^o J JX. ^t.o mj 4 j^Jo_J I 

i4 -qJlLL-II 4jlxuLu/^I oLa_U-uoJI 3 * oIa-o J-C. ^t-mlJl j^3I i ^gj) lj 


3* ^1 LlXAJ J J3l JJJlJ 1 it l*ll~lXW <_£jx3 Jj* 

t((ixxuLuJ^Jl)) Cj t aa II 3-° ,-jL^j*}! JJX. 4jl 11 CjLj^iriiJI 




A 1 4Jj c> 


t 

USa ^t-XU-Jl J^u-uull C^jLilJI JjLaaJJ 


|LiU-0 


iJ U^J 


Ijj 


^A-Jutu 

t 


« * 


'jj 


t T/V £_a U^-A^ 

3-^ 4ijliJl o’^LaLcuJI I I wUlj cjLj 3^-3 * I j5L 


(■ ^ 

Ljj-lijJl 6 (3 i^-jA-Li-JI SjIc[ **l 1 • A * 3 ^ LoaIj 


g t ^ 

(^ uuaq ^ Li. ^jjllI < Li^-iA Lajjj I L u ts.xj l (j > 

.IjpI^)j d in-v tIj 5 11 jl^x.'ill 3 ^jLij cjL-u^L jW 4j^U 1I j-dl^flJI 


Jjlj ^u-J 4 j^J tlj-L^ JjLcuJI jJajj 

4xJl^Jsl CjLJ. i^jj 1 i La ajLj^ fcQ " ^J-Xj t J^fl-fl-a P^uj 


4j^ii_j c LoLqa SjAA 



I (JUJJ 4AiLLll oUxJI 


(JjLqa 4 l^lVt dll0 4lllj Q iS^H ^JLxJl Sj-L^rj 3^^ JaLclj 

4-jajLxJI N = 8 4j^)iVvll 6J.A ^x.iLu^Li. LoLaHaI ^^JLlua 3^^ 

^4ax^I jrLfil <AUiOj 4i!iLaJI 4 aj jl^JI ^Jj5> IJajj 

. iji -w. > qLaxxia^. 4jjLaii ALldij t4jj jLaJl JLwi ^^IxJ 1 


(gravitinos) .-■l J \r^all^JI 




(N = 8 L^La) (graviton) *>? ji 


YA^ 





li Ui.uL% ol^jljUl Ja-o (tijjtilj)) 4 ,axuu> O Vj 

o Lj^-il^J I < 3 * W o LoLi4,iL7>>j t cj) 4 t xij^J 1 3 

^11 < 3 ^ 43 1 ol O..H<u^JI ^)-c Jj)g^ jjj^ . ((gluons^ 

4-iJ)^) 3)^-3 O 1 a \ 4 a ^ 313-& ^yi-ijJ^g i 4j^i^-il I 4j^ iul^j 4jfiO 

%* 

(3 LjJl^I lj| 4 ill Ij^jjqJ I ^ J) v 

%■* 

l\jlj\ o' j.iii (Jx. Lijali <CjI jp n Ljjlaacl 
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